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midget moisture meter 


Made by the Makers of the 
Standard TAG-Heppenstall 


: Now you can KNOW when to paint! 


) INEXPENSIVE! 
A new high-quality, low-cost instrument! 


SIMPLE! 
Just drive electrode needles into the wood... 
press button ... read moisture percent direct! 


CONVENIENT! 
Small, compact, light weight. Case dimen- 
sions: 414 x 414 x 3\% inches! 


ACCURATE! 
Compensated for changes in battery voltage 
... scale calibrated in percent moisture .. . 
complete internal polystyrene insulation! 


Outdoors or in, the 
TAG Midget Moisture 
Meter shows you when 
surfacesare dry enough 
for dependable, peel- 
proof painting! 


Test plaster, too! This 
new, shoulder-strap 
TAG Moisture Meter 
reads dampness of plas- 
ter . . . instantly, di- 
rectly, without scar- 
ring surface! 


WESTON ELECTRICAL INSTRUMENT CORPORATION 
Manufacturers of Tagliabue and Weston Instruments ; 
614 Frelinghuysen Avenue, Newark 5, N. J. AAR. 
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THE 
SERIES 700V 


DIAPHRAGM CONTROL VALVE 
WITH VENTURI THROAT 


Hicu fluid velocities ...even viscous fluids and fluids containing sus- 
pensions ... are pushovers for the Series TOOV. A special venturi throat 
eliminates the sudden change in direction of flow so often the cause of 


trouble under such conditions. As a result, in-service time is unusually high. 
OUTSTANDING FEATURES OF THE 700V 


@ Special flushing connection to keep © Special design, renewable dise and seat 
stem operation free. ring. 


@ Special materials for body and trim to @ Special provision for field conversion 
meet prevailing operating conditions. from straight through to angle operation. 
You'll save a lot in maintenance costs alone, if you standardize on the 
Series 700V for high fluid velocities. Call in your local Honeywell engineer 
for complete information ...he is as near as your phone! 
MINNEAPOLIS-HONEYWELL REGULATOR Co., Industrial Division, 190% 


Windrim Avenue. Philadelphia 44, Pa. Offices in more than 80 principal 
cities of the United States, Canada and throughout the world. 
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-from wiring 
to installation 
of instruments 


SEE\OUR 
CATALOG IN 
T's 


Walk-in Cubicle with front and rear contro! 
board (lighting canopy not shown in picture). 


=service on control 
panels is complete! 


Now you can look to Falstrom for 
complete service on panelboards, switch- 
boards, cubicles, instrument panels, entire con- 
trol centers and switchgear housings. Falstrom 
does considerably more than design and 
produce functional and distinctive, finished 
housings. The new Falstrom service includes 
electrical wiring, piping, procurement and in- 
stallation of instruments and other accessories 
as specified. All work performed at Falstrom 
is done by engineers and skilled technicians 
completely familiar with each phase of the 
installation. Check on this Falstrom service, 
now. Use the handy coupon below. 


FALSTROM 
COMPANY 


PASSAIC, NEW JERSEY 


92 FALSTROM COURT * 


INSTRUMENT 
I am interested in the items oO soaall 
checked. Please send complete BOARDS 
information at once. 
BOARDS 
(_] COMPLETE 
CENTERS 
STREET ADDRESS PIPING AND 
INSTRUMENT 
INSTALLATION 
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By M. F. BEHAR 


EDITORIAL 


Electric Power Re-enters Servo Race 
Gets an Assist from Good Old Mechanics 


NE of the reasons why Instru- 
mentation fascinates all of us 
may be found in the big-league 
and minor-league contests that go on in- 
cessantly. Some are relatively slow- 
like marathons, or tugs-of-war. Years 
before the advantage passes 
from one team to another. (Example, 
the race for “Most Stable Amplifier” 


Angular Position 
Servomechanism | 


Relay 


Dotted lines: Error-detector 


“cost,” “weight,” “maintenance,” “live- 
liness,” “cleanliness,” “safety,” etc. 
Until recently, electric power held 
last place in the “liveliness” race, which 
many persons consider the most im- 
portant. “Liveliness” can be described 
as the speed with which the “slave” 
is able to carry out the commands of 
the “master” (see Fig. 1). One tech- 
nical definition is the time for the 
power unit to reverse from full speed 
in one direction to full speed in the 
other. A more precise definition is the 
characteristic time (or “time constant’) 
which is the time for the power unit to 
come up to 63.2 percent of full speed. 
Until recently, hydraulic servomotors 
were reported to be a little more lively 
than pneumatic servomotors and about 


4 


L 


i 


actuated hy sudden c d 


Error-detector “in neutral 


| 


” 
Master 


Fig. 1. 


| where most entrants have been neck- 


squash or jai-alai. 


and-neck for 


nearly two decades.) 
Some contests are relatively fast—like 
You have to read 
your favorite magazine every month 
to know what teams are ahead. And 
you've got to read it attentively, be- 
cause the big news of important sports 
events may be hidden in brief items 
from instrument firms or research labs. 


_ One of the reasons is the characteristic 


modesty 
tors: 


of Instrumentation competi- 
another reason is that, in many 
cases, the fellow that suddenly forges 


) ahead in one race doesn’t know he’s in 


line for several other trophies. 

Of all the races being run, you'll 
probably agree that the most exciting 
e one where the contestants are 
~ arious forms of auxiliary power. 
| is not merely one race but a big 
re meet, some of the races being 
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* Ratio of armature slot copper area to armature slot area 
Fig. 2. 
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Fig. 4. NBS quick-reversal “breadboard.” 


baum’s disclosure. (For full details 
see the full text of his paper in the 
1949 Transactions AIEE.) 
Hydraulics and pneumatics were still 
ahead when, a few weeks ago, the Na- 
tional Bureau of Standards disclosed a 
radically new method which closes the 
gap between the electric and pneumatic 
runners and perhaps will put electric 
power ahead of the other two contest- 
ants. Figs. 3 and 4 show an experi- 
mental embodiment of the NBS method; 
Fig. 5 has been drawn from NBS data 
(which were not in terms of rpm., so 
that we assume responsibility in case 
it’s not 100 percent accurate) and it 
shows conclusively that the liveliness 
of the secret motors (if they ever ex- 
isted!) has been outdone. For this re- 
markable development, instrument 
users can thank Dr. Jacob Rabinow— 
the same NBS scientist who invented 
the magnetic-fluid clutch announced 


by the NBS two years ago (and fully 
described, with 14 illustrations, in our 
August 1948 issue, pages 756-764). For 
a complete description of the new high- 

the 
May 


NBS 
1950, 


method see 
Bulletin, 


reversal 
News 


speed 
Technical 
page 63. 


Torsion-bar 
reversal sprin 


Ve"diameter 
CH approx. long 


Fig. 3. 


With the motor operating in either direction at 


3200 rpm., the second of the two positive unidirectional clutches at the left end of the 31-inch steel 
torsion bar is engaged, thus stopping the rotation of the adjacent end of the bar. The kinetic energy 
of the motor is converted into potential energy in the torsion bar by approximately 20-degree addi- 
tional rotation of the motor, and used to accelerate the motor rapidly in the opposite direction. 


ten times as lively as electric servo- 
motors. However, rumors were being 
whispered about military d-c. motors the 
size and shape of fountain pens, cap- 
able of reversing from thousands of 
rpm. clockwise to an equal speed coun- 
terclockwise in a small fraction of a 
second. 

Last October the electric entry made 
a big spurt in the liveliness race when 
Paul Lebenbaum, Jr., of G-E, presented 
his paper on “D-c. Motors for Auto- 
matic-control Systems” at the AIEE 
Fall Meeting. Maybe it was the un- 
wrapping of the wartime secret at long 
last; maybe not; but Fig. 2 shows what 
we believe to be the heart of Leben- 


Performance Test of 


Quick-reverse System ~~ 
rey 
for Electric Motor 
developed by Jacob Rabinow § 
= | | 
| 
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Instrumentation and Auxiliary Equipme xt 
for Automatic Infrared Gas Analyzers 


By WILLIAM J. HAPPEL and NORMAN D. COGGESHALL, 
Gulf Research & Development Co., Pittsburgh, Penna. 


cesses from their pilot unit opera- 

tion the continuous-flow infared gas 
analyzer!4.5 offers a new and powerful 
tool. When correctly adjusted to a pilot 
process gas stream, the continuous rec- 
ord of such an instrument effectively 
creates a window into the process re- 
action by giving an_ instantaneous 
visual indication of the control gas 
concentration. Sudden variations or 
sharp peaks in stream concentrations, 
normally missed by most spot sampling 
techniques, are immediately indicated 
and, as is important in such cases, 
located in a time record with the varia- 
tion in the process temperatures, pres- 
sures or other variables. Normally, the 
value of such a visual presentation is 
further enhanced by a greater instru- 
ment sensitivity (to extremely low con- 
trol gas concentrations) than can be 


| the development of petroleum pro- 


obtained in the standard analysis of 
spot samples. Therefore, the use of the 
instrument calibration with the 
tinuous concentration 


con- 


record permits 
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a far greater over-all accuracy in 
material balance calculations than pre- 
viously possible. 

In addition to these advantages in 
the preliminary investigation of a proc- 
ess operation, the analyzer may be 
operated also as a monitor or automatic 
controller to maintain a desired level 
of gas concentration once a set of 
operating conditions has been chosen. 
This may be readily done either 
through an alarm system to the unit 
operators or in a completely automatic 
manner by direct control of the appro- 
priate process valves or other operat- 
ing parameters. 

Some typical applications of this 
type of instrument are: the continuous 
determination of carbon monoxide and 
carbon dioxide in flue gases*; the moni- 
toring of the sulphur dioxide concentra- 
tion in a stream also containing nitro- 
gen, hydrogen, and hydrocarbon gases; 
the determination of the methane 
concentration in a stream containing 
other hydrocarbon gases; and the de- 
termination of ethylene oxide in the 
catalytic oxidation of ethylene gas.” 

These examples are just a few of the 
many problems that can be and have 
been solved by the continuous-flow in- 
frared gas analyzer. 

A primary limitation of the instru- 
ment is that it cannot analyze for 
infrared inactive gases such as the 
monatomic and symmetrical diatomic 
ones. However, for mixtures of in- 
frared-active gases, a satisfactery oper- 
ation may be achieved in many cases 
suffering optical interference by the 
judicious use of gas blends in the com- 
pensator and interference cells. 

In such applications of the instru- 
ment, it has been found that to be of 
optimum advantage the analyzer 
should maintain its sensitivity and ac- 
curacy while having a simplicity of 
operation and a ruggedness that gives 
a freedom from all but minor mainte- 
nance. This article concerns the con- 
struction of a continuous-flow analyzer 
for pilot plant operation with the above 
principles as primary requirements. 


GENERAL CONSTRUCTION 

Fig. 1 shows the front view and gen- 
eral construction of the complete in- 
strument. All components of the 
analyzer—including the gas handling 
equipment—are assembled in a standard 
closed relay rack which is mounted on 
a rubber-tired dolly to permit ease in 
moving the instrument. The infrared 
analysis of the stream originates in 
the thermostated optical compartment 
occupying the lower section of the relay 


rack. The chief component in this com. 
partment is the optical tank which was 
purchased from Baird Associates (Co, 
of Cambridge, Mass., and contains th: 
infrared source, absorption cells and 
bolometer detectors. The thermostated 
compartment is sealed by rubber gas. 
kets on the doors (as are the bridge 
control chassis and recorder case) so 
that a low positive pressure of instru. 
ment air may be maintained within it 
to prevent formation of gas pockets 
and reduce explosion hazards. The com- 
partment is also insulated so that it 
may be maintained at about 120 F. to 
eliminate the effect of ambient tem- 
perature drifts. This is very important 
for the successful operation of the in- 
strument. 

The temperature regulation is ef- 
fected by a mercury thermometer typ: 
electrical thermoregulator mounted 
alongside the optical tank. A change in 
temperature of 0.1 F. at the thermo. 
regulator will actuate a mercury relay 
located at the rear of the gas contro! 


Fig. 2 
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panel, turning on or off a set of heaters 
mounted in front of a small continu- 
ously-running circulating fan. The 
internal temperature of the compart- 
ment is indicated by a dial thermometer 
on the front door just below the heater 
pilot light indication. 

The thermostated compartment is 
readily accessible from the front and 
rear through hinged doors. This facili- 
tates the maintenance and adjustment 
of the components housed in the com- 
partment. Fig. 2 shows the mounting 
of the recessed gas control panel and 


4 


some of the cabling and stainless-steel 
tubing used throughout the instrument. 
This style of cabling permits the re- 
moval of any or all of the individual 
units for bench testing; the stainless- 
steel tubing permits application of the 
instrument to corrosive gas streams. 
All input power is through a single 
Amphenol connector. Power for the 
Brown recorder amplifier, the source 
and the bridge circuits, is supplied 
from a Sola voltage-regulating trans- 
former mounted at the rear of the re- 
corder. The main power switch and the 


auxiliary electrical gas-handling equip- 
ment controls are located on the re- 
cessed gas control panel just above the 
thermostated compartment. The auxil- 
iary gas handling equipment also 
mounted on this panel includes the 
stream flowmeter, stream-pressure 
mercury safety valve, and the instru- 
ment air and process stream regulators. 

To maintain simplicity of operation, 
the bridge control chassis, mounted 
just above the recessed gas control 
panel, was designed so that the only 
adjustments available for normal 
operator use are the bridge base line 
control and the sensitivity adjustment 
or scale expander rheostats. The gas- 
keted Bakelite instrument label located 
at the center of the chassis may be 
removed in instrument servicing for 
access to the source and test signal 
switches. This latter switch creates a 
predetermined bridge unbalance with 
a consequent error signal that is in- 
dependent of the infrared beam absorp- 
tion for the examination of the instru- 
ment signal circuits. The adjustable 
Wagner ground, used to minimize stray 
pickup in the bridge circuit and asso- 
ciated cabling, is mounted on the rear 
of this chassis and protected after ad- 
justment by a knurled cap covering the 
shaft. 


ELECTRICAL SYSTEM 
A Brown “Electronik”  strip-chart 
recorder with a 4%-second full-scale 


pen speed and a high-gain high-imped- 
ance amplifier was modified for opera- 
tion with the bolometer bridge circuit. 
The input converter to the recorder 
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amplifier was by-passed and the a-c. 
bridge error signal fed directly to the 
first stage of the amplifier through an 
input transformer. The standard cell 
and the associated Brown d-c. stand- 
ardizing circuits were removed from 
the recorder to permit the rewiring 
of the pen slidewire with the Brown 
standardizing battery rheostats and 
switch into the bolometer bridge circuit 
as shown by Fig. 3. 

In this circuit the pen slidewire is a 
shunt on the small 0.5-ohm bridge resis- 
tor. As the pen is moved, the slidewire 
potential-dividing resistor is rotated 
and effectively transfers part of the 
0.5-ohm shunt from one bolometer arm 
to the other in such a manner as to 
maintain bridge balance. The system of 
variable rheostats connected in series 
with this slidewire is for automatic 
standardization and for instrument 
sensitivity control. 

The automatic standardizing circuit 
used here is well-known and has merely 
been adapted to operation with the 
Brown Recorder. The standardizing 
rheostats are tandem-mounted so that 
the sum of their resistances will be 
maintained at 30 ohms. As one rheo- 
stat has more of its resistance cut into 
the circuit, the resistance of the other 
rheostat is equally reduced. The effect 
of rotating their shaft is to shift the 
curve which the pen traces either to the 
right or left since the pen slidewire 
will now have to be moved to maintain 
the original bridge balance conditions. 
Such a correction as this is required if 
there has been a small drift in the 
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The base line is subject to a drift which 
is corrected automatically once every 
hour by the injection of nitrogen or 
instrument air to obtain zero stream 
concentration and followed by the sub- 
sequent adjustment of the standardiz- 
ing rheostats to maintain the original 
base line setting. To obtain this opera- 
tion, a 1-rph. clock motor drives a set 


Calibration 
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Input 
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Safety 
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Process Gas Strearn Safety 
Input 
Regulator 
Thermostated Amplifier Switch Recorder 
Compartment Compartment Panel 
Fig. 6 Instrument Air 


operating points of the bridge bo.om- 
eters or any other change which tem- 
porarily unbalances the system without 
changing its calibration significantly. 
A point on the recorder chart, near 
the left edge, corresponds to zero con- 
centration in the stream. The pen left 
at this point will trace out a base line 
which may be changed arbitrarily by 
adjusting the bridge balance control, 
Fig. 3, fixing the initial bridge balance. 
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of cams (see Fig. 4.) one of which 
triggers a Microswitch operating the 
relay cutting off the stream flow and 
turning on the nitrogen. The nitrogen 
flows through the sample cell for about 
two minutes. Then a second cam trig- 
gers its Microswitch to operate a small 
relay energizing the standardizing 
mechanism. original recorder 
standardizing mechanism could be trig- 
gered automatically by a gear train 


from the chart-drive motor or manu- 
ally from a push-rod on the front of 
the recorder. In this particular appli- 
cation the triggering spur on the gear 
train was removed and a small relay 
was mounted so that on closure its 
armature would operate the manual 
push-rod. When this relay is energized, 
the clutch is released on the standardiz- 
ing battery rheostats, permitting them 
to be driven by the balancing motor. 
At the same time, the movement of the 
clutch will throw a switch which re- 
moves the recorder slidewire from the 
circuit and substitutes another poten- 
tial-dividing resistor (the base selector 
resistor located at the top of the re- 
corder) that has been previously ad- 
justed manually. If, because of some 
drift, the base-line to which the pen 
return is not the correct one, there wil! 
be an error signal when the clutch is 
thrown which will drive the standard- 
izing rheostats in such a direction and 
through a sufficient distance to restore 
the original base-line position of the 
pen. 

The sensitivity adjustment resist- 
ances are also matched tandem-mounted 
rheostats. They are, however, manually 
operated and so connected that each 
rheostat will turn in the same amount 
of resistance per unit angle shaft 
rotation. When this shaft is turned so 
that the resistance of the sensitivity 
adjustment rheostats is zero, the maxi- 
mum variation of the pen slidewire 
would mean a fractional change, to 
first approximation, of 0.005 of a bolom- 
eter arm resistance, omitting, fo! 
simplicity, the resistances of the stand- 
ardizing rheostats. On the other hand. 
with the maximum resistance of the 
sensitivity adjustment rheostats turned 
completely in, the same variation of 
the pen slidewire would now give only 
a fractional change of approximately 
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where R, is total resistance of the pen 


0 0.2 0.8 


© slidewire and R, and R,, are the resist- 
ances 


of the sensitivity adjustment 
rheostats. Hence, for a given bridge 
unbalance signal, the amount of move- 
iment (pen deflection from base line) 


» in the pen slidewire required to bring 


the bridge back to balance will be 


F (R,+R,+R,)/R, greater for the latter 
case where R,=R,= maximum than 
for R,=R.=0. For sensitivity scale 
© changes, this control was made to give 


a range of about 3 to 1 in a continuous 


Portable Gas Blending System 


Fig. 8 


Fig. 7 


manner. Taking into consideration the 
value of the standardizing resistances 
and the base-line adjustment potential 
dividers, this amounted to a transfer 
of 0.24 ohm to 0.09 ohm for a minimum 
to maximum variation of the sensitiv- 
ity adjustment control on a full-scale 
pen deflection. 


Such a control is of great use to the 
pilot-plant operator in the correction 
of the slow decay of instrument sensi- 
tivity and the elimination of instru- 


adjust the control to obtain a three- 
inch deflection for the same concentra- 
tion in order to magnify any minor 
changes in the process stream. This 
control has been found quite useful 
also where different unit streams on 
the same problem have different levels 
of the desired component concentration. 
Fig. 5 shows the possible sensitivity 
range obtainable by the sensitivity ad- 
justment control. 

The bolometer detectors are located 
in a standard Wheatstone bridge cir- 
cuit energized from a step-down trans- 
former across points a-b, Fig. 3. The 
bridge may be balanced manually by 
the bridge balance control located on 
the bridge control chassis. The error 
signal caused by variations in the prod- 
uct stream concentrations is applied 
to the amplifier input transformer in 
the recorder through a short length of 
shielded two conductor cable to drive 
the balancing motor and coupled pen 
slidewire in such a direction as to re- 
turn the bridge to balance. A Wagner 
ground was used across the bridge 
source to minimize the stray pickup in 
the bridge circuit and associated cabl- 
ing. 


GAS-HANDLING SYSTEM 
Fig. 6 shows the schematic diagram 
of the analyzer gas-handling system in- 
cluding both process stream circuit and 
instrument air pressurization lines. 
Stainless steel quarter-inch O.D., “4¢- 
inch I.D. tubing with Ermetto type 


Reservoir 


ment recalibration. If, for example, fittings was used throughout the instru- 
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the operating concentration of the 
component in the process stream 
should give a one-inch deflection for the 
condition of minimum sensitivity ad- 
justment resistance, and if a fogging 
of the sample cell lenses or slight gas 
leak should occur (which would result 
in a sensitivity loss) it is now possible 
to maintain the original calibration 
without instrument shut-down or re- 
calibration. In addition, it is possible to 


if 


[ 


Air Line 


ment to eliminate corrosion. The base 
line register solenoid, which cuts off 
the stream flow and flushes the system 
with nitrogen, is operated by the cam- 
tripped Microswitch driven by the 1- 
rph. clock motor. This solenoid may also 
be tripped by a manually-operated mer- 
cury switch on the gas-control panel 
below the recorder permitting a nitro- 
gen flush of the sample cell at the will 
of the operator to register the base 
Instruments 
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line. The adjacent switch permits the 
injection of a standard gas blend to 
calibrate the instrument. A second sole- 
noid valve, but no relay, is employed 
in the sample line to accomplish this. 
The solenoid valves (Automatic Switch 
Co. P32X) are of the three-way type, 
connected with the stream passing 
through to the sample cell in the optical 
tank when they are in the unenergized 
position. When either valve is ener- 
gized, the stream is turned off and the 
appropriate gas, either nitrogen or the 
known blend, passes through a regula- 
tor from its storage tank to the sample 
cell. 

The normal calibration check proce- 
dure requires: first, throwing the base- 
line register switch to establish the 
base line, with the nitrogen flush, and 
then the calibrate switch for the in- 
jection of a known blend. After the pen 
has indicated the final deflection, both 
switches may be turned off and the in- 
strument returned to the stream gas. 

A flowmeter (Fischer & Porter No. 
180) is inserted between the valves 
and the sample cell, when the float is 
at about 4 on the scale of the flowmeter, 
the flow rate is about 1 cfh. At the 
stream input to the instrument, there 
is a Conoflow diaphragm regulator to 
reduce the line pressure to a few inches 
of water pressure. Between the flow- 
meter and the optical tank, a mercury 
safety valve diverts the stream to the 
room in the event of regulator mal- 
adjustment or failure and thus pre- 
vents excess pressures in the optical 
cells. All of these components on the 
stream are located on the gas-control 
panel in full view of the operator. 

The instrument air stream, used to 
prevent combustible gas pocketing in 
the compartments, is regulated by a 
Conoflow diaphragm regulator. As 
in the process stream, a mercury safety 
valve is used after the regulator 
to prevent excessive pressure in the in- 
strument compartments in case of an 
accident. Normal instrument air pres- 
sure is about a quarter-inch mercury 
column. 


OPERATION 


The continuous-flow infrared gas 
analysis of process streams is satisfac- 
torily achieved by the type of instru- 
ment described. Fig. 7 demonstrates a 
typical recorder-chart record obtained 
when the instrument was applied to 
the determination of the SO. concen- 
tration in a process stream. The instru- 
ment calibration curve has been super- 
imposed on the tracing of the recorder 
chart, showing that for this run the 
peak SO, concentration was of the 
order of one percent. Knowing the flow- 
rate of the process stream, the total 
SO., generated by the unit can be de- 
termined from the area under the 
curve. For this use, it would be neces- 
sary to extrapolate the curve as shown 
by the dashed lines at the standardiz- 
ing points A. It is necessary, however, 
that all the components of the analyzed 
stream be known and the possibility of 
interference effects investigated and 
eliminated. This can only be satisfac- 
Vol. 23 
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torily done by the use of mixtures of 
known composition. In order to readily 
investigate the range and sensitivity 
of the instrument described above, a 
portable gas-blending system was con- 
structed as shown in Fig. 8. 


GAS-BLENDING SYSTEM 

This system permits the precise 
blending of synthetic gas mixture up 
to two liters at atmospheric pressure. 
This is done by successively inserting 
individual components into the same 
volume and then computing the con- 
centration from the corresponding 
pressure changes in the constant vol- 
ume. 

The gas-blending system as shown is 
constructed of glass. A schematic dia- 
gram of the system appears in Fig. 9. 
In operation, the general procedure is 
to evacuate the system and admit a 
pure gas from the tank manifold (upper 
left in the schematic) to the input 
reservoir. The gas is transferred by 
the Toepler pump to the mixing reser- 
voir. The input reservoir is then evacu- 
ated and the next component gas ad- 
mitted, After all the desired components 
have been introduced into the mixing 
reservoirs and their partial pressures 
determined, the gases are thoroughly 
mixed by the action of a circulating 
pump which moves the gases in and 
through the reservoir. The blend may 
then be transferred to a sample receiver 
by the second Toepler pump. The Toe- 
pler pumps are automatically cycled 
by delay circuits so that no sparks 
occur within that part of the pump 
containing the gas blend—to eliminate 
the danger of explosions with flammable 
mixtures. 

A Welch “Duo-Seal” rotary vacuum 
pump serves to evacuate the system 
and sample receiver before a blend is 
made. During the blending process, 
this same vacuum pump operates the 
mercury displacement arrangements 
used to transfer gases into and out of 
the blending reservoir and also to con- 


trol the mercury content of the | :¢j. 
sion manometer on which the _ |eng 
pressure is read. 

The mixing of the blend, whi) js 
necessary to obtain homegeneous mix. 
tures and reproducible calibration ‘ata 
is obtained by a sealed centri: uga| 
type pump. The pump was constr iicte) 
by increasing the air gap of a 4-pok 
1/80-hp. Alliance induction motor ty 
permit mounting of the motor armatur 
in Oilite type bearings within a ‘hip. 
walled brass housing sealed at one end. 
The field from the pole shoes penetrates 
the brass to obtain armature torque, 
driving the armature at about 25 per. 
cent slip. A three-inch centrifugal type 
impeller supplies the necessary pressur 
differential to give circulation within 
the mixing reservoir. Kovar glass seals 
are used for the bond between the 
glassware of the system and the meta! 
of the impeller housing and, by using a 
ring seal, a good vacuum can be main. 
tained. 

Acknowledgment.— Acknowledgment 
is gratefully made to Dr. Paul D. Foote, 
Executive Vice-President of Gulf Re- 
search and Development Company fo: 
permission to publish this material. 
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Richard Rimbach, President of The Instruments Publishing Co., returned from his six-week | 


Western Europe trip shortly before this issue went to press. His articles will start in our Jul) 
issue. This photograph shows him (gray suit, center) at a reception for publishers given by the 


Council of the Radio & Electronic Component Manufacturers’ 


London, on April 17. 
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Control of Water Heating Process. Different process thirty-gallon tanks. A pump is used to circulate water 
characteristirs are possible by changing valves on the two between the tanks and a steam heater below the pump. 
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The Teaching of Process Control Principles 
To Chemical Engineers 


By JOSEPH B. GRAY, Assoc. Prof., Chemical Engineering Dep't, Syracuse University, Syracuse, N. Y. 
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Tus . OURSES in the principles of takes place should be presented. For phasized. The effect of disturbances, 
“Record measurement and automatic con- this reason the principles explaining delays in corrective action and charac- 
and Sty ie trol appear in the curricula of a the behavior are described in this teristics of controller, measuring ele- 


és aoe © large fraction of the fifty accredited course and applied to typical problems ment and control valve on the stability 
. Chemical Engineering schools. How- arising in the automatic control of of control and magnitude of deviations 


et Qualit ever, many of these courses were only various processes. The scope of the from the control point are considered 


" Tnstru recently organized and there is much principles described in the course is in detail. 
poe ase? to be gained by an exchange of experi- indicated by the following questions The effect of process characteristics 
ence and a discussion of the problems for which answers are sought: on the behavior of a controlled system 
involved in teaching such a course. a. Why control a process ? are described in terms of the compo- i 
In this article are presented an outline b. What is automatic control of a process nents of unsteady-state energy and 
of the course taught at Syracuse Uni- and how de thee function material balances. Such balances de- 
versity and a discussion of factors in- d. What. factors influence the behavior of a fine the rate at which a variable can 
volved in organizing lectures, class- controlled process and in what way! change in a process and this rate, in 
room problems and laboratory prob- The factors influencing the behavior turn, has a great effect on the stability 
> lems. of automatic control systems are em- of contro! of that variable. 


A three-semester-hour course is re- 
quired of all Seniors in Chemical Engi- 
neering at Syracuse University. The 
course consists of two lectures and one 
three hour laboratory per week for one 
fourteen week semester. “Industrial 
Process Control” by Eckman is used 
as a textbook to supplement the lec- 
tures and “Instruments and Process 
Control” by the New York State Voca- 
tional and Practical Arts Association 
is used in connection with the labora- 
tory work. 

The primary purpose of the course 


OUTLINE OF COURSE 


The organization of these topics that 
is used in lectures to Senior Chemical 
Engineering students is shown in the 
accompanying outline. 

Introduction 
\. Necessity for control of processes 
Description of «a simple automatic control 

system 

1. Essential parts 

2. How control is effeeted—eauses and correc 


tion for deviations of controlled variable 
C. ‘Typical problems arising in automatic control 


of processes 


Il. Proeess Characteristics 
is te ~ate 
t } ; develop ah under standing of the \. Rate of change of variables and factors affect 
ehavior of typical processes or sys- ing these rates 


1. Single-capacity processes for control for 


tems when controlled automatically. 
It is felt that a knowledge of what 


temperature, pressure or level 
Multiple-eapacity processes 


es place in a process under auto- 

nm by the} | control is not enough and that, of ‘typien! processes 

r House |] 2° far as possible, the reasons for what Equipment for studying control of air pressare: III. Behavior of Automatic-control Systems 
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for controllers possessing two-position, propor- 
tional, reset or derivative response. 
A. Typical behavior of variables in control 
Systems. 
B. Construction and operation of typical con- 
trollers. 
C. Effect of variables on stability of control and 
offset. 
1. Rate of change of variable controlled. 
2. Disturbances in flow to or from process. 
3. Controller adjustments. 


4. Control valve and valve positioner ad- 


justments. 

5. Measuring element characteristics. 

IV. Characteristics of Measuring Elements for 
temperature, pressure, differential pressure, flow, 
Nquid level, ete. 

A. Construction. 
B. Principles of measurement. 

C. Sources and magnitude of delays in response 
V. Characteristics of Final Control Elements 
A. Construction and operation of typical valves 

and valve positioners. 
B. Relationships between air pressure, valve 


position, valve area, and flow through dia- 


phragm control valves. 
C. Delays in response. 
D. Selection of valve size and characteristics. 

VI. Typical Automatic-control Systems 
A. Simple processes in which temperature, pres- 

sure, liquid level and flow are controlled. 
RB. Complex processes 

1. Metered control, ratio control. 

2. Distillation, combustion, steam generation, 

ete 

The introductory material includes 
a discussion of the economic factors 
necessitating utilization of automatic 
control in most industrial processes, 
a brief description of the parts of an 
automatic control system and of the 
factors affecting the behavior of a rela- 
tively simple control system. In addi- 
tion, typical design and operating 
problems arising in automatic control 
practice are described. 

A general picture of the subject and 
its application is presented in this way, 
which should help in providing the stu- 
dent with a skeleton which can be filled 
in later with a detailed description of 
the various aspects of theory and its 
application. 

Following this brief survey of auto- 
matic control, a detailed consideration 
is given to the characteristics of proc- 
esses which are significant in the con- 
trol of the process. It is the process 
with which automatic control is pri- 
marily concerned and the controller, 
measuring element and control valve 
characteristics modify the process be- 
havior to obtain the desired end. The 
characteristics of the control devices 
are superimposed on those of the proc- 
ess. A knowledge of the transient 
behavior of processes in which an en- 
ergy or material balance is sought is 
essential to understanding the behavior 
of an automatic-control system in which 
the process is a part. Differential 
equations are set up for simple proc- 
esses and the factors affecting the rate 
at which the variable to be controlled 
changes are discussed in terms of these 
equations. 

In a course on automatie control, 
it is desirable to describe as early as 
possible the behavior of typical control 
systems, including what variables in- 
fluence this behavior and in what di- 
rection. The relative importance of 
each of the many factors which in- 
fluence this behavior can then be seen 
more easily. For a larger fraction of 
the course the student will be thinking 
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in terms of the relationships among 
the parts of an automatic-control sys- 
tem and their interaction. On the other 
hand, if a detailed consideration of the 
characteristics of the various parts of 
a control system is made first, then a 
coordination of all these details is de- 
layed considerably. It is desirable to 
defer a detailed consideration of the 
characteristics of the parts of a con- 
trol system until typical behavior of 
the whole system is made known to 
the student. Then the characteristics 
of each part can be studied in class 
and laboratory in terms of their effects 
on the behavior of the whole control 
system. Such a sequence of topics 
should develop more rapidly in the 


and control valves. Only a brie ey. 
planation need be given at that int. 
The details are developed later, 

A description of the applicatio: s of 
controllers to typical industrial roe. 
esses is placed last in the course. 1} here 
is included then not only the princ ‘ples 
of automatic control and measurement 
(and the application of these principles 
to typical problems) but also a descrip. 
tion of what is usually done to obtain 
satisfactory control. 

The principles behind the topics jus 
discussed are relatively abstract and 
can require a knowledge of higher 
mathematics which few possess. How- 
ever, an undergraduate engineering 


Equipment for studying effects of control valve and valve positioner adjustments on control 


of air pressure. 


student a broad perspective of the 
subject. 

In describing the behavior of auto- 
matic-control systems, it is assumed 
that a disturbance of some kind causes 
the controlled variable to deviate from 
the desired limits of satisfactory con- 
trol. Such a disturbance causes a 
change in supply or demand for energy 
or material and deviations from the 
control point. A detailed study is in- 
cluded of the effect of the nature of the 
disturbance on the behavior of the con- 
trol system. 

Following a description of the be- 
havior of typical automatic-control 
systems, the characteristics of meas- 
uring elements and final control ele- 
ments (valves) are considered. It is 
here that the reasons why these devices 
possess the characteristics they do are 
presented. In previous brief descrip- 
tions are mentioned what the charac- 
teristics are and not the theory behind 
them. For example, it suffices in de- 
scribing the behavior of automatic- 
control systems to say that delays in 
response exist in measuring elements 


student can be equipped to handle a 
large fraction of automatic-contro! 
problems arising in the use of contro! 
instruments without a complete mathe- 
matical treatment of control theory. 
For this reason, the course for Chemica! 
Engineers at Syracuse University does 
not include extensive development of 
the differential equations describing 
the behavior of controllers and_proc- 
esses. Furthermore, the mathematics 
of automatic-control systems which has 
been developed relatively completely 
for certain electrical and mechanical 
systems (servomechanisms) has_ not 
been applied to many of the processes 
in which Chemical Engineers are in- 
terested. There is an opportunity here 
for applications of this theory which 
will be very useful when it is available. 

The possession of a knowledge of 
automatic-control principles by a stu- 
dent is not enough. Some knowledge 
of their application to control prob- 
lems arising in the design and opera- 
tion of a process is highly desirable. Fo! 
this reason typical problems are dis- 


cussed following the presentation of | 
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principles necessary for their solution. 
For example, after unsteady-state ma- 
terial and energy balances, the selection 
of suitable variables for control of a 
process is discussed. Selection of con- 
troller characteristics follows the de- 
scription of the behavior of automatic- 
control systems. Reduction of delays 
in corrective action can be discussed 
when the sources of these lags are 
presented. The means of correcting 
unsatisfactory behavior of a control 
system are available to the student in 
most eases when all the factors affect- 
ing their behavior have been discussed. 

In order to counterbalance in part 
the abstract nature of the theory of 
control of processes, the devices used 
in control systems are described in this 
course when the characteristics of these 
devices are considered in detail. When 
discussing the behavior of a system 
in which a proportional type controller 
is used, it helps to have a mental pic- 
ture of the parts of a typical controller 
and how the controller functions. The 
construction of various measuring ele- 
ments and control valves is described 
for the same reason. 

The factors affecting the control of 
a process receive more emphasis than 
the methods of measurement. The ele- 
ments of calibration of measuring de- 
are included, however, because 
the values of the variable being meas- 
ured in the control of a are 
essential to an analysis of the per- 


vices 


process 


formance of the process. The values 
may not be essential in the control 
of the process, however. 


CLASSROOM AND EXAMINATION 
PROBLEMS 


The selection of problems for quizzes, 
exams, classroom discussion or labora- 
tory experiment is a source of difficulty 
in teaching process-control principles. 
lhe instructor must devise his own 
problems, and there is a wide variety 
in types of problems which can be de- 
d. A few words on the relative 
irability of the various types will 
ist in this selection. 
lust as lectures should cover not only 
neiples but also their application 
typical problems, so should the class 

examination problems be more 
n an exercise in the knowledge of 
tract principles. Problems which re- 
ce an application of these principles 


Recorders and Controllers. 


are preferable. Below are listed the 
types of problems which are suitable. 


I. Problems arising in design of processes. 
A. Selection of variables suitable for control of 
product quality. 
B. Reduction of delays in 
controller, 
(. Reduetion of disturbances and effects of dis- 
turbances. 
D), Selection of control devices, including method 
of measurement and mode of control. 
Il. Problems arising in operation of processes. 
\. Location of source of unsatisfactory control. 
B. Adjustment of control devices. 
C. Reduction of disturbances. 
DD. Reduction of delays in corrective action, 
kK. Calibration of measuring devices 


corrective action of 


The scope of problems which can be 
devised, is shown by the above table 
to be relatively wide. 


LABORATORY EXPERIMENTS 

There is quite a variety of laboratory 
experiments that can be used by the 
students to supplement the lectures in 
a course on principles of control of 
processes. A broad classification of 
the types of experiments that might be 
devised is outlined below. 

I. Studies of the 
and how they operate. 
IT. Calibration of measuring elements. 
III. Studies of the effect of control system 
behavior of the eontrolled vari- 


mechanisms of control de- 


vices 


varichles on the 


Electric Furnaces and Controllers. Either con- 
troller can be used with either furnace. The 
rheostat and “Powerstat” are used to vary the 
higher and lower heating rates of the control 
cycle. 

\. Controller and control valve characteristics 
and adjustments. 

Measuring element characteristics. 

including rate of 

and process 


characteristics 
controlled 


Process 
change of 
lags 

D. Souree, size and frequency of disturbances. 

IV. IWustration of typical control system be- 
havior. 

\. Types of control stability 

B. Controller response for 
control 

C. Process reaction curves, transfer lag 

V. Measurement of characteristics of controller 


variable, 


various modes of 


control valves and measuring elements 
VI. Correction of unsatisfactory control system 
behavior. 


VII. Design of a control system, assembly and 
testing the performance. 


It is felt that the first three types 
of experiments will teach the most for 
the time spent. It is desirable to study 
quantitatively, where possible, the effect 
of the variables on the behavior of a 
controlled variable rather than merely 
illustrate what is typical behavior of a 
controlled variable. The means of cor- 
recting unsatisfactory control can then 
be more readily deduced using this 
point of view in presenting a picture 
of contrel system behavior. In addi- 
tion to a knowledge of this behavior, 
some knowledge of the mechanisms, 
their operation and calibration is de- 
sirable. A more concrete and less ab- 
stract picture of automatic control 
systems is thereby obtained. 

Much would be learned if the design 
of control systems were attempted by 
the students and the system con- 
structed, tested and necessary altera- 
tions made to correct unsatisfactory 
performance. However, it is felt that 


laboratory problems of this type should 
be attempted only by graduate stu- 


Furnace Temperature Control. 


dents who are interested in research 
in this field for many of the techniques 
have not been developed. 

The types of experiments which are 
being developed for use in the process 
control laboratory at Syracuse Uni- 
versity are listed below. Those which 
are not yet being used are enclosed in 
parentheses. 


I. Thermocouple 
study of principles of operations and methods of 
ealibration. 


potentiometer, contraller—a 


IT. Pneumatic proportional-reset liquid expan 
tupe controller—a_ study of 
principles of operations, and calibration. 


temperature 

Pneumatic,  proportional-reset-rate res 
ponse, pressure controller—a study of princi- 
ples of operation and calibration. 

IV. Pneumatic, differential pressure flaw con- 
troller—a study of operation and calibration. 

V. Furnace temperature control, two-position 
(floating) and proportional (reset) 
the effect of process characteristics and controller 
adjustments on behavior of the control system 

VI. Air pressure with 
and proportional-reset response—-a study of thr 
effect of controller adjustments and process char 
acteristics on stability of control and offset 

VIT. Water temperature control with propor 


a study of 


control proportional 


tional and 
study of the effect of controller adjustments and 
process characteristics on stability of control 

VITL. (Liquid level with 
tion, and proportionalreset 
of the effect of controller adjustments and pro 
cess chardeteristics on stability of control 

IX. Steam flow control with proportional reset 
a study of the effect of load changes 


proportional -reset-rate response 


contral two-post 


response ) a study 


response 


controller and control-valve adjustments o1 
stability of control 
X. Control valres and valve positioners —a 


study of adjustments on behavior of an air 


pressure control system 
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Fig. 1. Drill dynamomeier 


A Dynamometer for Measuring 
Forces on a Drill 


By ERWIN G. LOEWEN and MILTON C. SHAW, 
Metal Cutting Research Laboratory, Massachusetts Institute of Technology 


YNAMOMETERS have been 

used for a good many years to 

study the thrust and torque on 
drills, Bird and Fairfield having de- 
scribed an instrument as early as 1905. 
The major requirement of a drill dy- 
namometer is that it be capable of 
measuring the thrust and torque reac- 
tions without mutual interference. In 
practically all of the earlier devices 
this was accomplished by use of a ball 
thrust bearing, this bearing being used 
to support the workpiece with as little 
angular restraint as possible. The un- 
derside of the bearing was supported 
by suitable thrust-measuring ele- 
ment, such as a hydraulic cylinder, 
while the specimen was kept from ro- 
tating by a measuring device such as a 
spring scale or second hydraulic cyl- 
inder. In addition to the mechanical 
complexity of these devices, the ball 
bearings employed do not provide suf- 


ficient rigidity under the fluctuating 
loads encountered in drilling. Fur- 
thermore, there exists the additional 


possibility of dirt entering the bear- 


ings which may result in increased 
frictional errors. 

The drill dynamometer described 
here (Fig. 1) has no loose or sliding 


elements and all the deflection taking 
place is purely elastic. By use of wire 


resistance strain gages the necessary 
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deflections of the dynamometer ele- 
ments are kept to a minimum. The 
dynamometer is built in two parts, the 
upper half being designed to measure 
torque but not thrust while the lower 
half is sensitive to thrust only. 


g The 


cated between the upper and interme- 


torque-measuring 


diate plates of the dynamometer, cor 
sists of a hollow cylinder with tw 
flat surfaces milled on opposite sides 
The purpose of these surfaces is t 
provide a localized area of high strair 
without greatly sacrificing the over-a 
rigidity of the unit. 
are symmetrically cemented on ea 
of the flat surfaces and 
right angles to each other and at ar 
angle of 45 degrees to the axis of th 
cylinder. When a torque is applied 


two of the gages are subjected to ten- 
are com- 


sion while the other two 
pressed an equal amount. By proper!) 
connecting these four gages in a bridgt 
circuit the strain output 


sulting from direct compression du 
to thrust, and bending due to eccentri 
loading, is balanced out. 

T he 


thirust-measuring part of the 


instrument consists of four steel rings 


the intermediate 
plates. Two strain gages 
mented circumferentially on each 
the rings, one inside and one outsi«d 
are placed in compression and tensiv! 


located between 


base 


respectively when a thrust load is 
plied. The rings 
the effect of torque 


located that 
is entirely neg 


are so 


element, 


Two strain gages 
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resulting 
from torque is additive, while that re- 
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The eight gages attached to 


ig 

the ings are again connected into a 
br circuit having four active arms. 


Ip the torque tube and in the thrust 
rin the gages are so located and 
connected to provide automatic com- 
pensation for changes in the temper- 
ature of the instrument. The mechan- 
ical rigidity of the unit is unusually 
great in order to minimize vibrations 
and approach actual drilling condi- 
tions as much as possible. The tor- 
sional rigidity is 0.5 microradians per 
inch pound of torque and the thrust 
rigidity 3 microinches per pound of 
thrust. 

The dynamometer was designed to 


be used with a Brush “BL 3108S” 
Strain Analyzer (with four active 


arms) or with apparatus of similar 
sensitivity. With such equipment it 
is capable of measuring the perform- 
ance of drills ranging in size from 
a guarter-inch to over one inch. At 
maximum gain the sensitivity is 1 mm. 
pen deflection of the oscillograph for 
a thrust load of four pounds or a 
torque of 2.5 inch pounds. The max- 
mum design values were inch- 
pounds torque and 5000 pounds thrust, 
and this aliows for a factor of safety 
of four. Thus under ordinary condi- 
tions a drill will break before the dy- 
namometer is overloaded. 

Representative data obtained by use 
of a Brush Strain Analyzer are shown 
in Fig. 2 for drills of 0.25, 0.5 and 
1 in. dia. The feed was the same (0.009 
inch per revolution in each case) but 
the speed was adjusted to approxi- 
mately 30 feet per minute in each in- 
stance. The traces of thrust and torque 
at equilibrium are seen to be more 
uniform for the quarter-inch and half- 
inch drills than those for the one-inch 
drill. The chips produced with the 
smaller drills were continuous, undis- 
colored and flowed freely up the flutes 
of the drill while those produced by 
the one-inch drill were discontinuous 
and showed discoloration indicative of 
a higher temperature. The irregular- 
ty of the traces for the larger drill 
is due to the periodic formation and 
diseard of a large built-up edge and 
the difficulty with which the chips 
moved in the flutes of this particular 
drill. 

A dynamometer such as the one de- 
scribed can be useful in evaluating 
the influence of changes in drill design 


ich as helix angle, shape of flute, 
int angle, clearance, chisel point 
gle and chisel point thickness, as 


1 as the effects of changes in op- 
iting variables, cutting fluids and 
il material. However, in interpret- 

data from a cutting dynamometer, 
must be kept in mind that tool life 
the chief item of importance, and it 
necessary to conduct some life tests 
der to establish a basis of evalua- 

of the cutting forces. 

is well-known that the life of a 
ting tool is directly influenced by 
temperature at which it is oper- 

1. Since practically all of the en- 
y expended in a cutting operation 

onverted into heat, and the oper- 
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Fig. 2. Representative Data for AISI—BI1112 Steel Drilled Dry. 
(A) \% inch diameter drill, 800 rpm, 0.009 inch per revolution feed. 
(B) % inch diameter drill, 360 rpm, 0.009 inch per revolution feed. 
(C) 1 inch diameter drill, 215 rpm, 0.009 inch per revolution feed. 


ating temperature at the point of a 
drill varies directly with the rate at 
which energy is dissipated it is evident 
that the power consumed in the drill- 
ing operation is of interest with regard 


Drill Torque Power Thrust 
dia., in Po, in-b/mir Pf in-lb/mis it 
0.25 136,000 202 1 
000 
650.000 2 65 
to tool life. The total power consumed 


in a drilling operation is 


+ in-lb/min. 

is the power associated with 

in-lb/min 


where 


the torque, 


P, is the power associated with 
the feed, in-lb/min 

T. is the mean torque on the 
drill, in.-lbs. 

N is the speed of the drill, rpm 
f is the feed, in per rev. 

T is the thrust on the drill, Ibs. 


For the tests of Fig. 2 energy is ex- 
pended at the following rates [see 
table] when equilibrium is established. 

The total power consumed is seen 
to be divisible into two parts—that as- 
sociated with the torque and the rel- 


atively small part associated with 


thrust. About half of the thrust power 
is expended in pushing the chisel point 
of the drill through the workpiece, 
while the torque power is generated at 
the cutting Inasmuch as_ the 


edge. 


Length of 


Potal Pow eutting edge Po/hL BTI 
L, in in mir 

& 52 

) 0.562 

2 ( 70 1.125 62.0 

torque power P is dissipated along 


the cutting edge. in contrast to the 
thrust power, the severity of the “ther- 
mal loading” along the cutting edge 
may be conveniently measured by the 
quantity P|/L where L is the actual 
length of the cutting edge. Thus the 
quantityP,/L represents the rate at 
which heat is generated at the cutting 
edge per unit length of cutting edge, 
and this quantity should be related 
to tool life in those cases where the 
failure is due to too high an operating 
temperature. 

those in the fore- 
readily obtained 


Values such as 
going table 
by use of a tool dynamometer, and are 
helpful in surveying the importance 
of changes in design and operating 
variables. However, as already men- 
tioned such must be supple- 
mented by some life tests. 


may be 


tests 
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A New Inductance Method for 
Remote Indication of Tank Level 


By J. M. MARZOLF, Naval Research Laboratory, Washington 25, D. C. 


NEW type of remote liquid- 

level indicator has been devel- 

oped at the Naval Research 
Laboratory for application to  ship- 
board tanks where many factors, prin- 
cipally the roll and pitch of the ship, 
limit considerably the accuracy obtain- 
able using available gages. 

The ideal tank level indicating sys- 
tem for shipboard use should be simple, 
safe, dependable, practical and easy to 
install and maintain. No exposed elec- 
trical contacts should be used either 
inside the tank or in the vicinity of 
the tank. The system should provide 
accurate and dependable remote indi- 
cation at several locations simultane- 
ously and should hold its calibration 
for a long period of time. It should be 
applicable to all types of liquids and all 
tanks regardless of their size or shape. 


The indicator should be reasonably 
accurate under all conditions of roll 


and pitch of the ship and should not 
be affected by shock, vibration, or swirl 
of liquid in the tank. Variations in 
temperature, pressure, or the physical 
constants of the liquid in the tank 
(such as specific gravity, dielectric 
constant, purity) should not cause in- 
accurate readings. Furthermore, it 
would be desirable to provide some 
means of easily checking the operation 
of the indicator and adjusting its cali- 
bration without emptying or filling the 
tank. 

In an effort to meet these rigorous 
specifications, one type of indicator 
tested in the laboratory consisted of 
a variable-wound coil, whose induct- 
ance varied linearly as a steel float 
passed through it. The Laboratory 
model is shown in Fig. 1. 

The tank unit of this model consisted 
of a series of 48 one-inch coils wound 
with enameled wire on a non-conduct- 


Fig. 1 Laboratory model of inductance-type tank level indicator. 
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ge 


ing non-magnetic plastic tube and con. 
nected electrically in series. The | um- 
ber of turns on successive coils (¢s art. 
ing with the smallest coil at the 
tom) was so chosen that the sqi 
of the number of turns of successive 
coils formed an arithmetic progression, 
Inside the plastic tube on which th 
coils were wound, there was placed a 
cylindrical steel float two inches long 
constructed of Type 4750 Allegheny 
Ludlum steel so that its diamete 
would fit loosely inside the plastic tube 
The tank unit was enclosed in a stee| 
shield (not shown in Fig. 1) which was 
slit on one side to reduce eddy cur- 
rents. This entire unit was placed ver- 
tically in the tank. 

Thus, as the steel float moved up- 
ward through successive coils, it had 
an ever-increasing effect on the total 
inductance of the circuit, since it moved 
into successive coils having an ever- 
increasing number of turns. Owing 
to the fact that the float spans several 
coils and also owing to the fringing 
of the leakage flux, the relation be- 
tween inductance and float position 
varied continuously and linearly 
throughout its range. 

The coils could be imbedded in a 
suitable material as a_ protection 
against the chemical action of liquids 
in the tank. Also, by limiting the num- 
ber and size of the orifices in the bot- 
tom and top of the tank unit, the de- 
sired amount of fluid damping could 
be provided for stability under condi- 
tions of roll and pitch of the ship. Th 
steel shield, in addition to providing 
desirable electrical properties, would 
also provide physical protection to the 
coils during installation and tank clean- 
ing operations. 

The development of a suitable meas- 
uring circuit for this type of gage was 
the most difficult part of the problem 
for the following reasons: 

(1) The change in inductance produced by t) 
float is relatively small compared to the to 
inductance of the cireuit. 

(2) The component of the impr 
ance of any coi! is not negligible with 
to its reactance, and the resistance and reactavr 
components cannot be easily distinguished fro: 
each other in an a-c. cireuit, and 

(3) The must provide a 
indication, without the necessity of balancing 
bridge for each 


DOL. 


ires 


resistance 


respect 


system continuo 


reading. 


However, a suitable measuring cir- 


Fig. 2 Circuit diagram of measuring circuit 
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evolved which worked 
It is shown in 


has been 
quite satisfactorily. 


> simplified form in Fig. 2. This circuit 


| essentially provides a means of meas- 
uring the voltage drop across the tank 
unit while a current, constant in mag- 
nitude and frequency, is passed through 
same time two additional 
voltages are introduced into the meas- 
ured portion of the circuit. One of 
these voltages is provided by the vacu- 
um tube, whose output is equal in mag- 
nitude but 180 degrees out of phase 
with the 7R drop in the tank unit. The 
other voltage is furnished by the series 
condenser, whose reactive drop is equal 
in magnitude but 180 degrees out of 
phase with the reactive drop of the 
tank unit, when the tank is empty. 
Thus, all the voltages in the measured 
cireuit add vectorially to zero and the 
indicator will read zero when the tank 
is empty if the harmonics in the power 
supply are negligibly low. As the 
liquid level rises, the float changes 
the inductance in the measured circuit 
and the reading will be directly propor- 
» tional to this change in inductance and 
hence to liquid level, provided that the 


> current and frequency remain constant. 


inverter. 


The vacuum tube serves as a voltage 
By taking its grid signal 
' from the resistance in series with the 
tank unit, its signal will always be in 


_ phase with the current through the tank 
_ unit. Therefore, the plate signal pro- 


duced across the shunt-fed load will be 
180 degrees out of phase with the cur- 
rent through the tank unit if the block- 
ing capacitor is large enough to pro- 
ice only a negligible phase shift. The 
vacuum tube, therefore, fixes the prop- 
er phase relationship for the voltage 
introduced into the measuring circuit 
and the magnitude of this voltage can 
be adjusted initially, by means of the 
potentiometer tap, to the proper value 
balance the JR drop in the tank 
If the current is constant this 
tage drop will remain constant 
ughout the range of the instrument. 
"he other voltage, which is required 
7‘) ‘he measuring circuit to balance the 
jual inductance of the tank unit 
n the tank is empty, can easily be 


supplied by a series capacitor. If the 
capacitor and tank unit are placed in 
series so that the current is the same 
through both, then the value of the 
capacitance can be so selected that the 
reactance drop of the capacitor will 
be equal in magnitude to the reactance 
drop of the tank unit when the tank 
is empty. Obviously, under these con- 
ditions, the reactance drop in the ca- 
pacitor and tank unit will be equal in 
2 7 


from 


LA 
ss 0 

| 


A Depth of Liguid in Inches 
magnitude but 180 degrees out of phase 
and they will cancel each other. 

The indicating-instrument circuit 
must have a high impedance so that its 
current has a negligibly small effect on 
the circuits. Although a d’Arsonval- 
type instrument was used on these tests 
for simplicity and ruggedness, a vacu- 
um-tube voltmeter would be preferred, 
because of its higher impedance and 
more linear characteristic. If several 
repeaters are desired of the d’Arsonval 
type, they can all be connected in series, 
with a corresponding change in multi- 
plier resistance. 

The power supply used was a Wien- 
bridge oscillator with a suitable am- 
plifier equipped with bridged-tee net- 
works to reduce the harmonics to an 
extremely low value. The Wien-bridge 
oscillator (1000 cycles) was_ selected 
because of its excellent frequency sta- 
bility, and the ballast lamp shown in 
Fig. 2 provided a constant current out- 
put. The complete power supply and 
measuring circuit is shown in Fig. 3. 

As originally constructed, this gage 
had a linear characteristic over the 
central portion but was non-linear at 
both ends because of the end effect of 
the coil and the non-linearity of the 
instrument rectifier. The float was al- 
lowed to move partially out of the 
lower coil and a compensating coil 
connected in the circuit as shown in 
Fig. 2 was wound over-laying the upper 


Fig. 3 Complete circuit diagram of in- 
ductance-measuring circuit and power 
supply. 


coil. These changes satisfactorily cor- 
rected the observed non-linearities and 


produced a gage characteristic as 
shown in Fig. 4 which, while not 
exactly linear, was considered quite 


satisfactory for purposes of this in- 
vestigation. Should more precise lin- 
earity of performance be desired, it 
could easily be done by adding or sub- 
tracting a few turns from each indi- 
vidual coil at the proper locations. 

This type of gage could be used in 
any tank containing a single liquid. It 
could also be used to measure the depth 
of the common surface between two 
immiscible liquids when stored simul- 
taneously in the same tank if the float 
were designed with the proper specific 
gravity to remain at the interface. 
No exposed electrical contacts are used 
either inside or in the vicinity of the 
tank and there are no electrical or 
mechanical connections to the float, 
which is the only moving element in 
its construction. This gage will indi- 
cate the depth of the liquid in the tank 
independently of any changes in the 
physical constants of the liquid. If 
properly designed and_ installed, it 
should be relatively free from main- 
tenance troubles and is so constructed 
that fluid damping can be easily pro- 
vided to minimize errors produced by 
tank movement or swirl of liquid in 
the tank. By providing a_ suitable 
switch to substitute for the tank unit 
a Cummy inductor having the same in- 
ductance and _ resistance the tank 
unit, the operation of the gage can be 
checked and adjusted without emptying 
or filling the tank. 

This gage operates on a distinctive 
principle and was designed particularly 
for shipboard operation. However, it 
might be applicable to other installa- 
tions either in the manner described 
or with certain modifications. For ex- 
ample, by properly designing the num- 
ber of turns on the coils of the tank 
unit, a linear scale could be obtained 
on the indicator for an odd-shaped 
tank; increased sensitivity could 
provided over a limited range; or local- 
ized coils could provide the actuating 
signal for automatic liquid-level con- 
trol systems or alarm circuits. Other 
variations might be made on this basic 
principle for specific applications. 
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Ib. Baldwin torsion machine is used by 
Mack Trucks, Inc., in its research laboratory at Plainfield, 
N. J. to test axle shafts, crankshafts, frame and body mem- 
bers of buses and trucks. Specimens are wrapped with bur- 
lap and covered with a blasting mat. The face plate at left 


is used to calibrate an adjoining torsional fatigue machine. 
Motor control buttons en the end of an extension cable per- 
mit the operator to control tests at any convenient position. 
Loads are weighed by an Emery cell and transmitted to a 
Tate-Emery _ indicator. 


The Use of the Torsion Test 


By F. G. TATNALL, Manager of Testing Research, The Baldwin Locomotive Works, Philadelphia 


PPRECIATION of torsion- 
test in the evaluation of mate- 
rials is growing among those 

who have been using the test to some 
extent, and the test is also being uti- 
lized more widely. There are several 
conditions under which the torsion test 
is advantageous other than in testing 
parts, such as axles and shafts, in the 
manner in which they are to be used. 
It tests materials in direct shear; it is 
a test for brittle materials, a sensitive 
test for surface corrosion, and it has 
been used as an accelerated creep test.! 

One important characteristic of the 
torsion test is that it progresses from 
beginning to end without instability. 
In other words there is no appreciable 
change in size of the specimen when 
tested in the plastic range to fracture, 
except for a slight shortening. For 
this reason the test is stable in the 
plastic range. Instability occurs only 
when a decreasing cross-section must 
carry an increasing load, as in the neck- 
ng down of a tensile test or in the 
ursting test of a cylinder. 

The torsion test is not good for de- 
ermining elastic limit because the 
transition from elastic to plastic range 
is progressive, i.e. the outside fibers, 
which are subjected to the greatest 
stress, yield first while inner fibers are 
still elastic. As the test continues the 
fibers nearer and nearer the axis yield 
progressively. There can be no upper 
and lower yield point or “drop of 
beam.” 

The fact that torsion applies maxi- 
mum stress at the surface is important 
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in making the test sensitive to surface 
corrosion. For the same reason brittle 
materials such as tool steels and cast 
iron or case-hardened materials can be 
evaluated by the torsion test because of 
the stress gradient from surface to core 
which takes advantage of the support- 
ing action of the under-stressed core.?-3 

Since internal material has little 
effect on torsion test results and shear- 
ing stress varies with distance from the 
axis, hollow members or thin-walled 
tubes are preferred in determining val- 
ues of shear stress. However, if the 
wall is too thin for stability, com- 


pressive forces will exceed shear and 
the tube will collapse. 


This special machine was designed for Holo- 
Krome Screw Corp. to test hollow-head cap and 
set screws in tension and in torsion. Loads are 
measured by two Emery cells which transmit 
hydraulic pressures to Tate-Emery indicators. 
The machine applies up to 75,000 Ib. in tension 
and up to 10,000 in. Ib. in torsion. 


Although torsion test specimens ar 
usually cylindrical, no standard dimen- 
sions have been established. Full-siz 
parts are frequently tested. Finished 
machine parts ready for assembly are 
commonly tested by applying the tor- 
sional loads encountered in service. The 
greater the length of test section the 
more marked the yield point on a 
torque-twist graph. 

In torsion tests, shear is defined as 
the resistance to rotation or lateral 
displacement. Shear occurs in the plane 
of twisting, normal to the specimen 
axis. The material is stressed in ten- 
sion and compression at 45 deg. to th 
shear plane and, to maintain equilib- 
rium, there must be a component of 
longitudinal shear. Shear and axial 
stresses maintain this 45-deg. disposi- 
tion in all stress patterns. 

Shear stress computations are de- 
termined from the force (P) in pounds 
at the end of a lever arm p in. long 
and the diameter (d) of the test bar or 
the external and internal diameters 
(d, and d,) of a tubular specimen. 

For solid bars, 
S = 16 Pp/7d8 
For tubes, 
S = 16 Ppd,/x(d,4—d,4) (b) 


(a) 


The torsional strength of solid bars 
averages roughly about 68 percent of 
the true tensile strength. By true ten- 
sile strength is meant the stress based 
on the reduced section of the tensile bar. 
The value for a typical cast iron is 
30,000 psi. and for a common steel is 
65,000 psi. 


The shearing modulus of elasticity 
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eading Firms Already 
New Taylor TRANSAIRE 


That first flash of buyer enthusiasm for new products 
often dies out quickly. But it’s brighter than ever for the 
with repeat 


new Taylor TRANSAIRE Transmitters 
orders coming in from leading firms the country over. 


TEMPERATURE: 


New Taylor TRANSAIRE Temperature Transmitter 
with Speed-Act* lets you measure and transmit small- 
est temperature changes up to 1000 feet with great ac- 
curaey! The only temperature transmitter that gives you: 


1. DYNAMIC ACCURACY— which means the accuracy 
of an instrument in measuring changing or dynamic 
conditions. ‘Transaire Dynamic Accuracy is unparal- 
leled. Solves the problem of process engineers who 
realize that an instrument accurate to a fraction of a 
degree in measuring static conditions can be in error by 
many degrees when temperature is changing. 


2. DYNAMIC COMPENSATION — which means ability 
to compensate for inherent lags both in measuring sys- 
tem and rate of heat transfer of process medium. Trans- 
aire does this by introducing derivative action (Speed- 
\ct) into the measuring circuit. The result is Dynamic 
\ecuraey. with a speed of response seldom thought pos- 
sible which permits much closer automatic temperature 
control. 


v v 


For complete details, write for Bulletin 98140 on 
TRANSALRE Temperature Transmitter, and Bulletin 
98099 for TRANSAIRE Pressure Transmitter. Ask 
your Taylor Field Engineer! Taylor Instrument Com- 
panies, Rochester, N. Y., and Toronto, Canada. 


instruments for indicating. recording and controlling 
emperature, pressure, humidity, flow and liquid level. 


*Trade-Mark 


Re-ordering 


Transmitters 


T 
PRESSURE: 

New Taylor TRANSAIRE Pressure Transmitter with 
narrow range spans lets you measure and transmit 
minute pressure changes up to 1000 feet. Works on 
simple forece-balance principle. Accurate to 15°; of the 
selected short range span (conventional devices are only 
accurate up to 15° of upper range limit). Sensitive to 
pressure changes of 15” water. Here’s accuracy and 
sensitivity never before thought possible in measuring 
process pressures —plus the convenience of suppressed 
ranges at high pressure levels. 


THREE IMPORTANT ADVANTAGES: 

1. Range spans of 20 and 10 psi available throughout 
range limits of 35 to 415 psia. 

2. Volumetric type pressure system is extremely ac- 
curate, practically clog-proof, has corrosion-resistant 
316 stainless steel diaphragm. 

3. Temperature and barometric compensation for 
higher accuracy of measurement and control. 


MEAN 


ACCURACY FIRST 


IN HOME AND INDUSTRY. 
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(F) or “modulus of rigidity” is ap- 
proximately 6,000,000 psi. for a typical 
cast iron and 12,000,000 psi. for or- 
dinary steel. These values are derived 
from the formula: 


F = Ppi/JA 


where 17 is length of stressed section, 
J is polar moment of inertia, and A is 
angle in radians through which the 
specimen is twisted. 

The unit stress at fracture in torsion 
is frequently computed from formulas 
(a) and (b). This value is called 
“modulus of rupture” but is fictitious 
because the formula is based on the 
proportionality of stress to strain 
which is not valid above the elastic 
limit. 

The fact that the modulus of elas- 
ticity in shear is so much less than in 
tension simplifies the mechanical re- 
cording to the load-deformation dia- 
gram. This is because tensile strains 
have to be magnified by an elaborate 
extensometer to produce a_ readable 
curve, whereas twist can be measured 
by means of a simple device. The 
greater elastic deformations for given 
loads in torsion account for the fact 
that brittle materials can be tested in 
this manner so satisfactorily. 

The area under the _ torqu2-twist 
curve, plotted to rupture, represents the 
absorbed energy or the toughness of 
material. The static torsion test eval- 
uates toughness qualitatively as well 
as quantitatively. For example, the 
curve reveals whether toughness is de- 
rived from high strength and low duc- 
tility or from low strength and high 
ductility. On the other hand the tor- 
sion impact test gives one value for 
toughness representing quantitatively 
only the area under the torque-twist 
curve. 

Shear strength is not always lower 
than tensile strength, as required in a 
ductile material. When shear strength 
exceeds tensile strength, shear failure 
becomes a shatter failure at 45 deg. to 
the axis instead of normal to the axis. 
This condition commonly occurs in hard 
steels in which there are residual 
quenching strains. 

Theoretically a homogeneous mate- 
rial should never fracture in a torsion 
test. However, residual strains, inter- 
nal notches, flaws and imperfections 
interfere with perfect slip action and 
set up incipient cracks that lead to 
failure. 

The torsion test is of particular sig- 
nificance in that part of the torque- 
twist diagram lying beyond the elastic 
region. Its use in determining a value 
for the ultimate strength of a cylinder 
subjected to internal pressure has 
proved to be valid for the design of 
pressure vessels.# 

Torson tests can be performed more 
conveniently than many other types of 
tests at elevated temperatures because 
the furnace can be mounted easily so 
as to eliminate the gripping and ex- 
tensometer problem. Constant load tests 
are especially easy to conduct by the 
method suggested by Sauveur.® 
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TORSION TESTING MACHINES 


Improvements have been made re- 
cently in both the weighing head and 
twisting head of the torsion testing 
machine. Modern weighing heads may 
employ mechanical, hydraulic or e.ec- 
trical methods of weighing the torsional 
load. Improved pendulum baiances now 
permit the use of a self-indicating dial, 
graduated directly in inch-pounds and 
capable of driving a stylus to plot the 
“torque” ordinate on a recorder. 

Hydraulic weighing is accomplished 
by a torque arm bearing on the weigh- 
ing head which is supported at its outer 
end on a packless hydraulic cylinder or 
on an Emery type hydraulic capsule 
like those commonly used on modern 


Torsion tests are made at high temperatures 
in the laboratory of the M. W. Kellogg Co.. 
using a Baldwin testing machine. 


hydraulic tension testing machines. Hy- 
draulic systems are self-indicating on 
large dials in selective ranges and can 
drive a recorder stylus to plot the 
“torque” ordinate. 

The electric method takes advantage 
of the fact that, in torsion, tension and 
compression components of force are 
at 45 deg. Resistance wire strain gages 
are mounted in these directions on a 
shaft that is arranged to resist the 
torque. The torque unbalances a Wheat- 
stone bridge circuit in which the gages 
are connected, thus operating a servo- 
motor-driven self-balancing bridge in- 
dicator and recorder. 

The driving end has been improved 
by a new type of electronically con- 
trolled motor. Drive units of this type 
can be connected to ordinary 60-cycle 
110-120-volt a-c. circuits. These units 
give a wide range of speeds up to 100 
to 1 with stepless variation and con- 
stant torque at the drive shaft. Since 
testing speeds required in torsion tests 
vary from less than 1 deg. per minute 
to more than 360 deg. per minute, one 
gear change in combination with this 
variable speed motor gives exceptional 
flexibility in the drive. 

A large variety of gripping arrange- 
ments are required because there are 


no standards for specimens. Com nop 
types of grips include: 

1. Self-tightening hinged sectors with ve, 
rated faces. These are not proof against . 
ping in the grips” and are suitable for tw. 1, 
in only one direction. 

2. Universal chuck type for small loads 

3. Expanding collets for use with hollow 
mens apply torque in either direction. 

4. For positive non-slip gripping in eith 
rection of twist, square or form-fitting dies tha; 
fit square or special shaped ends of spe 
are preferred, Specimens for these grip 
limited in size and shape and their ends 
be either cast or machined. 

5. Face plates are one of the simplest an 
most flexible methods applied except that t) 
of preparing a specimen with matching flanges 
face plates or bolting members must be co; 


siderel and set-up time may exceed that of 
other methods, This method accommodates 
variety of shapes and sizes of specimens and 


is suitable for reverse twisting. 

The purpose of reverse twisting may 
be for plotting the stress cycle in the 
form of hysteresis loops, or for alter- 
nating torsion such as a_ torsiona 
vibration or for determining damping 
properties. 

Torque-Twist Recorder.—All of th 
weighing methods that have been de- 
scribed are capable of driving either a 
recorder drum or the stylus to plot th 
torque coordinate. The twist coordinat 
is usually plotted autographically in 
either of two ways. One is a direct 
drive by flexible shaft from the twist- 
ing head of the machine. When this 
method is used grip slippage cannot 
be permitted. The second method is 
by troptometer or torsional deforma- 
tion meter, which measures angular 
distortion of the specimen on a fixed 
gage length. This device must be carried 
by the specimen. The method of attach- 
ment must not damage the specimen 
surface by indentation which might 
concentrate stress in the most highly 
stressed fiber. A troptometer may li 
mechanical or electrical. Its strain 
magnifying power need not be as hig! 
as in extensometers for tension tests. 

Troptometers are not in common ust 
and not many satisfactory instrument: 
have been devised. However, new elec- 
trical methods have given satisfactory 


results even with torsional deforma- 


tions up to 360 degrees. 

Further data on torsion testing ar 
given in the American Society fo! 
Metals publication by H. D. Churchil 
on “Physical Testing of Metals and 
Interpretation of Test Results.” 
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She WE Dial Manometer 


The W&T Precision Dial Manometer answers the problem of conveniently 
measuring pressure with a sensitivity of 1 part in 10,000. 


This sturdy, compact instrument, which is widely used for wind tunnel 
work, power plant test stands and in gas turbine testing, has a large easy-to-read 
dia]. It is custom calibrated in any pressure units over various ranges up to a 
maximum of 200 inches of mercury. 


In addition, the W&T Precision Dial Manometer possesses these outstand- 
ing advantages: 


1 part in 1000 
pressure tight, metal for flush mounting. 


Full protection against over pressure. 
Measures gauge pressure, vacuum and differential pressure. 


This instrument with its sensitive response and precision results is typi- 
cal of a wide variety of pressure instruments of all types — from low pressure 
indicators to altimeters — manufactured by W&T. If you have a problem in 
pressure measurement, write, telling us the details. We’ll be glad to help. 


WALLACE & TIERNAN 


INC. 


June 1950—Jnstruments Page 567 


with ser 
: 
{ 
INSTRUMENT... 
ated ‘Teu 4 
Vol 
ne Te 
22. No. 4. 
on, pag q : 
3 
rope 
al 
Procee 
7-76; dis 
Belleville 9, New Jersey Represented in Principal Cities 
t A 


Aircraft and Flight-control-system Analog 


LOS ANGELES, Calif.—A new instrument designed to 
check flight characteristics and control equipment of an 
aircraft prior to its construction was announced here by 
Dr. James R. Killian, Jr., president of the Massachusetts 
Institute of Technology, in an address to MIT alumni out- 
lining the Institute’s current $20,000,000 mid-century pro- 
gram of expansion. 

On this elaborate and sensitive calculator, known as the 
Flight Simulator, MIT engineers will be able to set up an 
electrical model of any aircraft which is in an advanced 
stage of design and then apply an actual autopilot to fly this 
non-existent, theoretical craft. 

The autopilot, which may be the “muscle” of either a 
guiding mechanism for a guided missile or an automatic 
pilot for a more conventional airplane, then has exactly the 
same problem that it would have in the actual flight of the 
missile or airplane, were the prototype built. Thus the 
simulator is able to “flight-test” an aircraft in the design 
stage. 

A combination of electronic and mechanical equipment, 
the flight simulator represents the results of a cooperative 


The flight simulator at MIT is operated from this control panel, 
at which stands Dr. Albert C. Hall, Director of the MIT Dynamic 
Analysis and Control Laboratory. The gimbal frame responds to 
the — commands given from this board to the theoretical 
aircraft. 


project involving more than fifty engineers and nearly three 
years’ work. It was built under the auspices of the U. S. 
Navy Bureau of Ordnance in the MIT Dynamic Analysis 
and Control Laboratory. of which Dr. Albert C. Hall, asso- 
ciate professor of electrical engineering, is director. 
Because it enables engineers to study some of the flight 
characteristics of any given design before construction is 
begun, the simulator can save much of the cost and time of 
flight testing and should help in improving aircraft design. 
It requires only flight characteristics obtained from working 
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plans and measured data from wind-tunnel tests of a iodg| 
of the proposed craft. 

If, for instance, aircraft performance on the flight -imp. 
lator is not satisfactory, the wing and tail designs © the 
electrical model may be changed by simple adjustmer ts of 
the simulator controls until the desired behavior is obt« ined, 
Suitable changes can then be incorporated in the plans 
before the actual plane is built. 

Thus, in an age when planes are called upon to fly faster 
and further, this instrument is expected to save valuable 
development time by making available prior to construction 
much information hitherto obtained through flights. 

“The fundamental purpose of this machine” Dr. Hall 
explains, is to permit the development of high-speed air. 
craft with a reduction in the time, expense, and number of 
conventional flight tests.” 

The flight simulator involves the use of intricate comput. 
ing machines and a flight table on which actual problems 
relating to flight stability are worked out. The table is an 
arrangement of gimbals, delicately suspended so that they 
can incline freely in any direction and supported on an inde. 
pendent foundation so that there will be no vibration. The 
gimbal frame, operated by high-speed hydraulic servo. 
mechanisms which carry out motions in accordance with 
electrically-transmitted commands, is used to orient the 
automatic control system of a plane or missile just as it 
would be tested in actual flight. The gimbal frame table 
rolls, pitches, and goes through all the motions the plane 
would make in the air under stated conditions. This, of 
course, is where the simulator gets its name. It is designed 
to simulate those exact conditions under which an aircraft 
can operate. 


Heart of the flight simulator is this gimbal flight table which 
moves in the same way as would the aircraft under study. Here 
Ralph E. Kimball, executive officer of the MIT DAC Lab, is adjust- 
ing the flight table control mechanisms. Above his head is 4 
radar antenna which is part of the theoretical aircraft's auto- 
matic-control equipment. 


Although the motions of the gimbal frame table, and thus 
the actions of the hypothetical plane or rocket in flight, are 
recorded on charts, the visual study of the gyrations is of 
highest consequence, too. This is an important way of gain- 
ing information, and those visual findings of the enginee! 
can later be checked with the mathematical record. 

A problem is worked out on the apparatus by setting 
electronic computer dials that represent the various im- 
portant characteristics of the aircraft to be studied—weight 
velocity, altitude, wing span and many others. Before thi 
simulator can be used, many of these characteristics must | 


be obtained from wind-tunnel tests of small models of the | — 


proposed aircraft. 
Then the question is fed into the simulator by applying 
appropriate electrical signals through a control board. The 
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When you specify a gauge look for the same 
basic honesty you expect of a fine watch. 
Get a gauge that matches the performance 
of your equipment for accuracy and endurance, 


5 a gauge that will not bring trouble to your 
». customers, your sales department, or— 
yy. finally—embarrassment to you. 


Honesty of a gauge depends upon its “movement.” 

Movements of U. S. Gauges, like fine watch 
movements, tell the truth for years. 


* This precision is no accident. All U. S. Gauge components 
I 


are cast, formed, machined, plated, etched or printed 


within our plant. 55 tests and inspections protect you. These 


are sound reasons why 6 out of 10 original 


equipment manufacturers use U. S. Gauges... 


a reco o other gauge approaches. 

and thus a record no other gauge approach 

ight, are You may never know how much a quality gauge can mean to 
af your product and your reputation until you've tried 


of gan | U.S. Gauges. United States Gauge, Division of American 


enginee! a Machine and Metals, Inc., Sellersville, Pa. 
setting 

cs must Py 
of 

PRODUCTS OF UNITED STATES GAUGE... Absolute Pressure Gauges Aircroft Instruments Air Volume Controls Altitude Gauges « Boiler 
pply ng Gouges ¢ Chemical Gauges « Dial Thermometers ¢ Glass Tube Thermometers © Flow Meters ¢ Inspectors’ Test Gauges « Laboratory Standard 
rd. The Test Gauges Marine, Ship and Air-Broke Gauges Recorders Controls and Alarm Gauges Voltmeters Ammeters Welding Gouges 
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Here are four instruments widely used 


by industry for a large variety of meas- 

uring needs .. . highly valued for their 
accuracy, dependability, and con- 
venience .. . backed by Meriam’s 
37 years’ specializationin the field 
of measurement. 


U-Type Absolute Pressure Gauge 


For the measurement of absolute pressures 
from one millimeter of mercury to the 
equivalent atmospheric pressure. Of sim- 
ple design—accurate and dependable. 
Gauge head fastens to body by a single 
wing nut. Available in wall or flush front 
mounting styles. Ask for catalog sheet 
C-1142 WM. 


Clean-Out U-Type Manometer > 
(Model B-1169 WM) 


Semi-steel clean-out head is removable 
from body frame for filling and cleaning 
U-tube. For line pressures up to 100 Ibs. 
per sq. in. Large bore “pyrex” tubing 
iy" inside diameter gives flat indicating 
fluid meniscus. Bold %” high scale nu- 
merals provide for distant reading. Ask 
for catalog sheet B-1169 WM. 


4 Well Type Manometer 
(Table Mounting) 

For portable service in the field, produc- 
tion testing, or in the laboratory. Glass 
tubing is gland packed at each end block 
and is supported at spaced intervals to 
prevent tube distortion. Also available 
for wall mounting, pipe mounting, and 
flush front panel mounting. Ask for 
catalog sheet A-203 TM. 


Well Type Manometer 

(Front-of-Board Mounting) 
The instrument body channel, scale, and 
indicating tube mount to the front of the 
panel; instrument well mounts behind 
panel. Connections are made behind the 
mounting panel. Provides an accurate, 
quick, and direct method of measure- 
ment. Ask for catalog sheet A-324 FB. 


THE MERIAM INSTRUMENT Co. 


10958 MADISON AVENUE e CLEVELAND 2, OHIO 
WESTERN DIVISION: 1418 WILSON AVE., SAN MARINO 9, CALIF. 
IN CANADA: PEACOCK BROS., LTD., MONTREAL 


ERIAM * 


ESTABLISHED 191} 


MANOMETERS, METERS AND GAUGES FOR THE ACCURATE MEASUREMENT 
L: “OF PRESSURES, VACUUMS AND FLOWS OF LIQUIDS AND GASES 
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In this computer of the flight simulator, engineers set up charac- 
teristics of an aircraft whose flight performance is to be checked. 
The computer contains electronic elements for adding, multiplying, 
and integrating. 


answer is returned on a chart on a recording apparatus in 
a matter of seconds. 

This computer, one of several types of such high-speed 
mathematical machines at MIT, adds, multiplies, integrates 
and subtracts at almost unbelievable speed. For example, 
a computation which would take an able operator a hundred 
hours to carry cut by hand is handled by the computer in 
ten seconds, and much more elaborate problems can also be 
handled in a matter of only minutes. 

Among MIT scientists contributing to the result were 
Dr. John F. Blackburn, development of automatic controls 
and supervision of the mechanical design of the gimbal 
frame; Emery St. George, Jr., development of instruments 
and electronic components; Charles M. Edwards, design 
and development of the electrical computer; and Thomas 
F. Jones, Jr., in charge of simulator operation. The detail 
design of the gimbal frame was carried out by a group sup- 
plied by the firm of Jackson & Moreland, consulting engi- 
neers, and the gimbal frame was manufactured by a group 
of companies in the Detroit area, each a specialist in its 
field. 


Three-dimensional Photoelastic Stress Analysis 


CHICAGO—A $4,000 research grant has been awarded 
to Dr. Max M. Frocht, research professor of mechanics at 
Illinois Institute of Technology, by the Research Corpora- 
tion, New York, for fundamental study in three-dimensiona! 
photoelastic stress analysis. 

Until recently, photoelasticity has been confined mainly 
ty two dimensions, the stress in depth assumed to be con- 
stant. In three-dimensional work, studies have been limited 
to symetrical objects. Dr. Frocht’s work will be to extend 
the scope of photoelasticity to general problems and to im- 
prove the method for symetrical problems. It will include 4 
study of fundamental principles, perfecting methods and 
techniques, and an application to practical problems. 

Photoelasticity is an experimental method of determining 
stress by applying loads to transparent models of real! 
objects in a polariscope and analyzing quantitatively the 
pattern produced by the interaction of the polarized light 
with the model. 
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GREATER SENSITIVITY 
GREATER FLEXIBILITY 
¢ GREATER ACCURACY 


SPECTROMETER 


The new Model 21-103 Analytical Mass 
Spectrometer, representing nearly three 
years of additional intensive research and 
development, retains the qualities and ad- 
vantages of its predecessors—the Models 
21-101 and 21-102—but provides still great- 
er flexibility, sensitivity, accuracy, range, and 
overall usefulness. 

This new mass spectrometer has been 
engineered to meet more fully the needs of 


the chemical industry. Its features, including 
the new ion source, the ISATRON, greatly 
enhance the use of mass spectrometry for 
purity determinations, and quantitative and 
qualitative analyses of mixtures of all types 
of gaseous and liquid compounds, including 
hydrocarbons, inorganic gases, and oxy- 
genated and other substituted organic de- 
rivatives. For further information, write 
Dept. MS-3. 


¢ GREATER RANGE 


Audio Devices can now supply 


CONSOLIDATED ENGINEERING | 


CORPORATION 
cal Instruments for Science and Industry | 


PRECISION MAGNETIC RECORDING TAPE 


to meet your exact requirements 


As a result of our development of special, 
high-precision coating machines, we can 
now supply magnetic recording tape with 
the following characteristics: 

EXTREME UNIFORMITY. Total variation of 
sensitivity can be held to within 0.1 db 
from one end of reel to the other, if spe- 
cified. This results from our ability to 
control coating thickness to within 5 mil- 
lionths of an inch. 

REDUCED MODULATION NOISE. The extreme 
uniformity of the coating greatly reduces 
modulation noise resulting from thick- 
ness variations. 

ANY LENGTH WITHOUT SPLICES. Audiotape is 
available in any length up to 2700 feet 
on plastic base and up to 6000 feet on 
paper base with absolutely no splices 


in the entire roll. (Longer rolls can be 
supplied if required.) This freedom from 
splices results from our close control of 
coating properties, which avoids making 
bad spots which have to be cut out. 
SPECIAL COATING THICKNESS. The reme- 
nance—and hench the low and middle 
frequency sensitivity—can be modified 
within wide limits, by varying the thick- 
ness of the magnetc coating. 

ANY WIDTH up to 5” can be produced from 
stock. Wider rolls can be supplied on 
special order. 

RED OR BLACK OXIDE. Either medium 
coercive-force (red) oxide or high coer- 
cive-force (black) oxide can be provided. 
PLASTIC OR PAPER BASE. Either cellulose 
acetate or supercalendered Kraft paper 


PASADENA 4, CALIFORNIA 


can be used. The maximum uniformity 
can be achieved only on cellulose acetate. 


Like the standard 4” Audiotape, which 
is produced on the same machines, any 
special Audiotape will also include these 
important physical properties: superior 
straight-line slitting, freedom from curl, 
low surface friction, superior dispersion 
of oxide particles, freedom from any ten- 
dency to stick layer-to-layer, and strong 
adherence of coating to base. 

We will be glad to send you a sample of 
our standard %” tape on either plastic 
or paper base. And if you have a specific 
application in mind, please write, outlin- 
ing your requirements. 


AUDIO DEVICES, INC. 


444 Madison Ave., New York 22, N.Y. 
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1CRSO 


RUNNING TIME 


For a wide range 
of standard timers and controls... 

or special adaptations for specific 
applications consult... 


THE R. W. CRAMER COMPANY, INC. 


\—__.. BOX 5, CENTERBROOK + CONNECTICUT. 
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Thermopiles 


LEPLAB 


For many yeors the thermopile hos 
been the accepted instrument for meas- 
uring Radiant Heat from Radiant Heaters 
at the American Gas Association Testing 
Laboratory in Cleveland, Ohio. Since 
1930, when Vandoveer first described his 
work in this field,* an Eppley thermopile 
has been used for this purpose in hun- 
dreds of tests and the results have been 
consistent and accurate to within 1 per 
cent. 

This is but one of many applications in 
the field of radiant energy measurements 
for which Eppley Thermopiles are ideally 
suited. They may be obtained with win- 
dows of different materials, and various 
types of black are available for receiver 


coatings. 

All Eppley Thermopiles are supplied 
with a certificate of calibration, this 
calibration being made against a Stand- 
ard Lamp from the National Bureay of 
Standards. 

If you have a problem involving the 
measurement of radiant energy we invite 
you to write us, describing your 
in as much detail os possible. We will 
be glad to make recommendations and 
there will be no obligation. 
*Vandoaveer, Industrial & Engineering 
Chemistry, Vol. 22, page 596, June 1930. 
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“More Power to America” Exhibit Train 


Features Instruments 


_NEW YORK CITY.—The General Electric Compan to. 
day unveiled its More Power to America Special, the bi: ges 
electrical display kit ever built. Almost a quarter-mile ong, 
the 10-car exhibit train represents the first attemyi ty 
display, in one series of related exhibits, the complete range 
of products for the production, distribution, and industria] 
utilization of electric power. Believed to be unique ii jp. 
dustrial marketing history, the silver streamliner is {tilled 
with exhibits of more than 2000 modern electric products, 
systems and techniques. 

More than 250 different precise instruments designed 
to perform scores of valuable services throughout industry, 


N. M. DuChemin, assistant general manager of G-E’s Apparatus 
Department, looks over a display of watthour meters in the 
Measurements section of the More Power to America Special. 


aboard ships, trains, and aircraft, and in laboratories and 
research centers are arrayed in the Special. Most of these 
are exhibited in the Measurements Section which empha- 
sizes the importance of accurate measurement in every 
phase of industrial activity. 

A series of related exhibits occupying two-thirds of a car 
shows the multitude of ways instruments—and combinations 
of instruments—can be appled to achieve dollar savings for 
the user. The latest instruments are shown, many of them 
in operating exhibits. 


Potential-gradient Meter May Have Effect 


on Corona and Radio Influence 


NEW YORK CITY.—A new instrument, developed to 
study the voltage gradient at the earth’s surface, was an- 
nounced by its inventors, R. L. Tremaine and R. C. Cheek 
of the Westinghouse Electric Corp., East Pittsburgh, Pa., 
before the American Institute of Electrical Engineers, “in 
the belief that a description of the instrument will be of 


value to other investigators.” Their studies of the effect 81 
of the earth’s voltage gradient on corona and radio influ- ri 
ence, which are being conducted at the Tidd 500-kv. test tu 
lines at Brilliant, Ohio, have not yet been completed and y 


will be reported on later. They described their instrument 
as a generator type gradient meter which has a contin- 
uously-rotating member, and which includes “a number of 
features which have not been available in any such instru- 
ment previously described in the literature.” 


Spectrophotometry 


WASHINGTON, D. C.—Reliable spectrophotometric 
data should now be more easily obtained with the aid of 4 A} 
new booklet, Spectrophotometry, recently issued by the 
National Bureau of Standards and made available from 
the U. S. Government Printing Office. The techniques and 
data resulting from the Bureau’s extensive experience in 
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VACUUM RELIEF 
VACUUM 
BACK PRESSURE 
BOILER STEAM 


Type 1400 handles both positive and nega- 
tive pressures, from high vacuum to 10,000 
psi. It is adaptable to services requiring high 
sensitivity or to wide throttling ranges for 
dampening sensitivity. Overcomes hunting 
action which makes lined out pressure control 
difficult. Adjustable in the field for snap action. 
Bourdon-tube actuated. 


designed 
industry, 


TYPE 1400 


PRESSURE CONTROLLERS 


Diag, 
Here is how it RAM | 


aratus works, explained 


in the 


pecial. step-by-step in this 


diagram. Simple, 
easy to maintain 
and ACCURATE! 
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loped to 
Was an- 
*, Cheek Now you can be assured positive and sensitive 
gh, Pa., response to pressure changes, with a controller 
ve ct Characteristic usually obtained only in more expen- 
e effect [ag Sive type recording instruments. Climax builds it 
right. for long service under all conditions. A multi- 
tude of special adaptations are possible... Ask 


your BS&B-Climax Man today! 


io influ- 
kv. test 
ted and 
trument 


contin- 
sa You Can Count | BLACK, SIVALLS & BRYSON, INC. 
A Climox Controls Division 
. ee a : Sect. C4-95-6 720 Delaware St. Kansas City 6, Mo. 
atric = oe I Id like th lete story of the BS&B-Climax Type 1400 Pressure 
perience in process controls Controller diagrams, prices. [] I want a Sales 
by the \ re is available for your own Engineer to call. 
He will be pleased to 
ues and you beat a tough prob- NAME 
ence in He is readily available, 


just check the coupon. Natur- 
ally, all inquiries are held in FIRM 
strictest confidence. 
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REGULATION 


Within .005 psi 


FOR MANUAL LOADING 
SERVICE...for remote posi- 
tioning . . . for accurate flow 
meter calibration, our MODEL 
H-10 is tops in the field. 


It's built especially for dead 
end (no flow) service ... and 
guaranteed to be free from 
“drift’’ errors. Ranges 0-5; 
0-25; 0-50; 0-125 psi for inlet pressures to 150 psi. 


If you are looking for a pneumatic regulator that is sen- 
sitive to O05 psi (in 0-5 psi range), stable and foolproof, 
HERE’S YOUR REGULATOR. 


WRITE TODAY FOR BULLETIN PH-10 


CONOFLOW CORPORATION 
2100 Arch St., Phila. 3, Pa. 


Nore ts highest possible 
racy in a scientific instrument 
and at a low price! 


Not is the new Dillon 
somely styled, it is truly a 


maces, stacks, pipes, etc. 
18-8 acid resistant stainless 
steel. Two dial.sizes: 3° or 5° with 
large figures. Comes with 5 or 9° 
stem or ecial lengths to or 
FOUR ranges: 0-200 F, 
150-750 F, 200-1000 F. Dillon Ens 
gineers will be glad to adapt this in- 
strument to your manufactured prod- 
uct. Write today for f and low 


DILLON 


Stainless Steel 


hermometer 


Beautifully Finished 
Ruggedly Designed 


PRECISION | 


erg 
ru- 
ing 


spectrophotometry are presented in this guide so that | 
of spectrophotometer can better understand their in 
ments, calibrate and maintain them in the proper oper: 
condition, and guard against the numerous errors com jon 
in such work. Instruments and methods for use in the uw. ra. 
violet, visible, and near-infrared spectral regions are on. 
sidered, including photographic, visual, and photoele: tric 
methods. Circular 484, Spectrophotometry, by K. S. Gii son, 
48 large double-column pages, illustrated, available from 
the Superintendent of Documents, U. S. Government Pint. 
ing Office, Washington 25, D. C., 25 cents a copy. Remit. 
tances from foreign countries must be in United States 
exchange and must include an additional sum of one-third 
the publication price to cover costs of mailing. 


New Method for Chromium Determination 


PITTSBURGH, Penna.—A new photometric method for 
the determination of chromium in 18-8 and similar steels 
is announced by scientists in the Development Laboratory 
of the Fisher Scientific Co. The method’s speed is derived 
from the technique of simply dissolving the steel and meas- 
suring the absorption directly, using the Fisher Electro- 
photometer. Nickel, the only interferring element, need not 
be chemically isolated since the judicial choice of a narrow 
band filter renders the interference negligible. Nationa! 
Bureau of Standard steels were determined with a stand- 
ard deviation of plus or minus 0.15 percent. The optimum 
range extends from 7 to 25 percent. Copies of a technical 
paper on the method, by R. M. Vredenburg and E. A. Sack- 
ter (which describe the theoretical aspects as well as a de- 
tailed procedure) are obtainable from the authors by ad- 
dressing requests to Fisher Scientific Co., 717 Forbes Street, 
Pittsburgh 19, Penna. 


Invisible Oil-film Measured 


PITTSBURGH, Penna.—An infinitesimal part of a single 
drop of pure vegetable oil, spread out in an invisible, mole- 
cule-high film, is pushed along the surface of distilled water 
like a log-raft. Then it is squeezed to rectangular shape so 
it can be measured conveniently by research technicians of 
Carnegie-Illinois Steel Corporation here. This delicate 
operation is performed in a new test to compute accurately 
how much oil clings to a big sheet of tin plate. 

Either cottonseed or palm oil is applied to tin plate to 
help protect from rust and preserve the mirrorlike sheen of 
the American housewife’s cans of food. So little oil is used 
it is rather a smooth “feel” of oil than a quantity. In addi- 


Hydrophil balance in the Research Laboratory of Carnegie-Illinois 
Steel Corp. This and other subsidiaries of US Steel apply so little 
oil to can material that an ounce of it would cover all four 
walls, ceiling and floor of a hall of gleaming tin plate 50 feet 
wide, 20 feet high and 400 feet long. 
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STATHAM TEMPERATURE 


TEST CHAMBER 


MODEL TC-1 


The Statham Model TC-! Temperature Test Chamber 


is a compact, economical, and convenient temperature- 
controlled chamber for the rapid performance of 


ambient temperature variation tests. Thermostat con- 
trol, balancing heat against dry ice evaporation, 


permits any temperature between —65° and -+-275°F 
to be maintained. 


Completely portable, the Model TC-! Temperature 


Test Chamber, which accepts a load volume of 600 


cubic inches, is ideally suited to the performance of 


+60 
+60 TYPICAL 
PERFORMANCE CURVES 
+40 | 
+20 
$ 
8 
.20 
COOLING TIME 14 MINUTES 
HOLDING TIME: 4 HOURS 
: | | 
- 60 COOLING TIME - 30 MINUTES ore 
HOLDING TIME: 3 HOURS 30 MINUTES 
- 80 4 4 
2 


TIME IN HOURS 


3 


ambient temperature tests on basic instruments, elec- 
tronic sub-assemblies, components, organic materials, 
small equipment, etc. 


Please request Bulletin No. 5.1. 


WY SCIENTIFIC INSTRUMENTS 


9328 Santa Monica Blvd. ©® Beverly Hills, California 


é 


Ideal for second operations on instrument parts or other 
small pieces. 4” swing—collet capacity 5/16” or 3/16”. 
Send for Bulletin “F” containing a complete description of 
lathes and accessories. 


A RECORDING MECHANICAL COUNTER 


Actuated by an 
Electrical Impulse 


it operates on the out- 
put of a scaler, photo 
tube, or other electrical 
unit . . . permanently 
records counts on a 21/4” 
tape . . . automatically 


resets to zero. 


In Radioactive Research it saves precious time 
by eliminating many hours of manual labor, result- 
ing in greater economy and efficiency. 


In industry it maintains a permanent record auto- 
matically, recording production and time each hour. 


Write for complete information and 
illustrated circular SC 13. 


STREETER-AMET COMPANY 


AUTOMATIC WEIGHT RECORDERS & SCALES 
HIGH SPEED COUNTERS SINCE 1888 
4101 Ravenswood Ave., Chicago 13, Illinois 
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FAIRCHILD 
PRECISION 
POTENTIOMETERS 


Fairchild Type 748 
3-Gang Precision Potentiometer 


Here’s a custom-built instrument 
that’s typical of Fairchild’s job- 
engineered solutions of difficult potentiometer problems. It’s a 
3-gang potentiometer with 17 taps per unit, giving 16 sections 
of equal resistance — 8 each side of center. By using resistors 
of various sizes between taps, almost an infinite number of non- 
linear functions can be approximated. For control purposes, 
each unit can be used as a continuously varying switch to fire 
tubes such as Thyratrons in sequence. 

To help you in analyzing your special applications, Fairchild 
offers you the services of its Potentiometer Sample Laboratory 
engineers, Write, giving complete details on your require- 
ments, to Dept. O, 88-06 Van Wyck Boulevard, Jamaica 1, N. Y. 


if you need 


for RECORDING 
REMOTE INDICATION 
TELEMETERING 
CONTROL 


of 


Absolute, gage, or differential pres- 
sures of corrosive fluids or gases. 


There's a design now for any pressure 
range to meet your specifications and 
to withstand rigid vibration, tempera- 
ture and accuracy requirements with 


Resistance or inductance signal output. 


Pressure ranges — from 1 psi differen- 
tial to 6000 psi, gage or absolute. 


Fast Response — as low as .001 second 
full scale, 


For complete engineering data on transmitters to meet your specific 
requirements, write to G. M. Giannini & Co., Inc., 254 W. Colorado, 
Pasadena 1, Cal., or 697 Morris Turnpike, Springfield, N. J. 
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tion, the little bit of oil (a) facilitates the handling of 
sheets after they have been plated with pure tin and n st 
go through rigid inspections for flaws before delivery to he 
can manufacturer. (b) It helps the makers of cans har !Je 
this thin-rolled material as it is cut into strips for «an 
bodies and cut and stamped into round tops and }ot- 
toms, ready for assembly and soldering. (c) The min ite 
film also causes lithographing ink, sometimes used for la)iel- 
ing, to flow more smoothly on tin plate. 

The Carnegie-Illinois Research Laboratory’s hydro hj] 
balance oil test apparatus is basically a long, narrow tray, 
filled to over-flowing with clean distilled water. Crosswise 
of the tray are set two strips that dip slightly below the 
surface of the water and project a little above it. One of 
these strips is semi-fixed and the other is movable along a 
track to which is attached a graduated linear scale. The 
sample of tin plate whose oil film is to be measured—a 
small sample of exact test size—is dipped about five times 
vertically in the water to insure that the ionic action of the 
water will collect the oil on its surface. Like oil on water in 
all cases, this microscopic quantity spreads in an irregular 
layer of oil molecules. The movable tranverse strip is then 
brought slowly down its track the length of the tray, push- 
ing ahead of it the film of oil until the pointer of the hydro- 
phil balance deflects measurably. Deflection of the pointer 
means that the film of oil, invisible to the eye of the opera- 
tor, has been compressed to a rectangle exactly one mole- 
cule thick and that the rectangle is pressing squarely 
against the semi-fixed strip. The area of the rectangular 
space, so delicately adjusted, is computed exactly. From this 
it is a simple matter to determine the weight of the oil film. 


Radiography Technique Speeds Ship Sailing 

NEW YORK CITY.—When steam boilers or pressure- 
carrying steam piping aboard a ship are repaired, replaced 
or modified by welding, it is necessary to satisfy the respon- 
sible and governing inspectors as to the satisfactory nature 
of the welds made. They must be free of cracks, ex- 
cessive holes or slag inclusions and must represent good 
fusion of the base metal. The customary method of inspec- 
tion is that of gamma-ray or radium radiography. 

Gamma-ray radiography required a suitable source of 
the rays, such as radium or other radioactive material; 
methods for suspending this source in a proper position 
on one side but at some distance from the weld; suitable 
film in special cassettes with special intensifying screens; 
methods of holding these cassettes is position on the other 
side but close to the weld; suitable penetrometers to prove 
the sensitivity of the procedure; a calculated time for the 
exposure; suitable dark-room facilities for loading and un- 
loading cassettes and developing the film; and know-how. 

The entire procedure may take considerable time. An 
example was in a recent ship case where certain nozzle addi- 
tions were made to the current boilers. Radium radiography 
of the welds by conventional methods required for each 
nozzle several hours for set-up time, some 14 hours of ra- 
dium exposure and in addition several hours for processing 
of the film away from the ship. 

Similar nozzle additions were required to be made to 
another ship. The ship was ready to sail, passengers await- 
ing embarkation were being housed at local hotels at the 
ship’s expense, the crew was being paid, pier and other 
charges were mounting, every hour of delay meant many 
dollars. Sam Tour & Co., Inc. field personnel, applying their 
new radiographic technique and field equipment, reduced 
the time required for each nozzle for setting up to less than 
an hour and the radium exposure time to 2% hours. By 
taking portable dark-room film-developing equipment aboard 
the ship, the films were developed and viewed by the in- 
spectors within 15 minutes after exposures were finished. 
The net result was the saving of several day of total tim: 
and a like advance of the sailing date of the ship. 

The new techniques involved the making of a scale draw- 
ing to enable exact exposure calculations, the simultaneou: 
use of two or more gamma-ray sources, the use of heavy) 
lead shields to stop cross radiation, plus the use of portabl 
dark-room equipment. 
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In this department we report each month new devices for measurement. inspection, 


testing, metering and automatic control — in the form of concise technical descriptions. 


FOR FURTHER INFORMATION USE THE POSTAGE-FREE ORDER CARD ON PAGE 63) 


Electron Microscope 


New “Little Giant” electron micro- 
sope, 30 in. high, provides direct mag- 
nification up to 6000 dia. with addi- 
tional blow-up to 50,000 dia. through 
photographic enlargement. Depth of 


focus is 150 times greater than best 
optical microscopes. Instrument may 
be operated with less than an hour of 
instruction. Specimens may be inserted 
into evacuated column without break- 
ing vacuum. Pumping time between 
exposures is 90 sec. Permanent-magnet 
lenses provide exceptional stability.— 
RCA Victor Div., Radio Corporation of 
America, Camden, N. J. 
Mention No. 601 when filling out card. 


Double Monochromator 
and Spectrometer 


New spectroscopic analyzer for range 
0.2 to 35.0 microns uses a double mono- 
chromator to reduce scattered radia- 
tion to a minimum. Instrument can 
be operated manually or motor driven. 
Prisms are mounted on keyed holders 
and may be interchanged without read- 


justment. Cams provide automatic con- 
trol of wavelength and slit width. 
Various sources and detectors such as 
thermocouples, bolometers, photo tubes, 
thermopiles, sulphide cells, and gaseous 
detectors may be employed. Galvanom- 
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eters, photometers, amplifiers, and re- 
cording systems may be linked to in- 
strument. With auxiliary components 
it may be used as a double monochrom- 
eter, a double spectrometer, or a double 
spectrophotometer.—Farrand Optical 
Co., Ine., Bronx Blvd. & E. 238 St., 
New York 66, N. Y. 
Mention No. 602 when filling out card. 


Temperature and 
Pressure Instruments 


New measuring, exhibiting and con- 
trolling temperature and pressure in- 
struments are announced. Tempera- 
ture instruments (“Ratotherm’’) have 
thermal systems filled with liquid, va- 
por-liquid or gas covering ranges be- 


tween -125 F. and 1000 F. Pressure in- 
struments (“Ratogage”) have bellows, 
multiple-diaphragm, slack-diaphragm 
or helical pressure-measuring elements 
covering ranges between 30 in. mercury 
vacuum and 10,000 psi. Available are 
combinations of temperature, pressure, 
flow, etc. in one instrument case; also 
“Type 3 Pneumatrol” unit with propor- 
tional band, automatic reset and de- 
rivative action control.—Fischer & Por- 
ter Co., 86 County Line Road, Hatboro, 
Pa. 
Mention No. 603 when filling out card. 


Rapid-pen-speed 
Millivolt Recorders 
New models of multi-point “Elec- 
troniK” strip chart potentiometers have 
full-scale pen speeds of two seconds or 
less for laboratory requirements; are 
suitable also for use with maker’s “Ra- 
diamatic” units for sensitive radiation 
measurements. Calibrated accuracy is 
0.375 percent of scale. Control or alarm 
contacts can be provided.—Brown In- 
struments Div., Minneapolis-Honeywell 
Regulator Co., Wayne and Roberts 
Avenues, Philadelphia 44, Penna. 
Mention No. 604 when filling out card, 


Flow-rate Indicators 
New “Flo-Scope” variable-area tow. 
rate indicators are individually ¢alj. 
brated, under laboratory conditions 


184 


FLOAT WEIGH 


METERING FLOAT 


FLOAT ROD 


FLANGE 
ROD CL 


CUIDE 


GLASS GASKET 


INDICATOR DISC 


GRADUATED 


without time limitation, for character- 
istics of gases that are to be measured 
—Selas Corp. of America, Philadelphia 
34, Pa. 

Mention No. 605 when filling out card. 


Miniature Recorder 


New “Transet” Recorder is a minia- 
ture recording-receiving instrument 
for pneumatic transmission of flow, 
liquid level, pressure and temperature, 
said to be ideally suited for either 


graphic or convential panels. It fits 
into a panel opening of 3.875 x 4.5 in. 
with a flange measurement of 4.375 
x 5 in. Clear plastic door gives full 
view of chart, scale and all principal 
instrument settings; allows maximum 
illumination. With door opened, adjust- 
ments can be made for instant checking 
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ALNOR THERMO-ANEMOM- 
ETER Here's a compact, direct-reading 
instrument that fills a long-felt need— 


the t of low oir 
velocities. With the Alnor Thermo- 
A fer you can ly 


velocities as low as 5 f.p.m. it con be 
used between 20°F. and 150°F. with- 


out impairing its y: Fine crofts- 
monship, high-quality materials, exoct 
calibration, and exhaustive tests com- 
bine to assure you accurate operation 
on a wide variety of applications. 


ALNOR ELECTRONIC TEM- 


PERATURE CONTROLLER 
... is @ simplified form of contrel- 
ler designed to indicate and regu- 
late automatically the heat of ony 
industrial heating device. There 
are no moving mechanical parts 
to wear or cause trouble. Control 
sensitivity is such that pointer 
movement of 0.3% will octivate 
the power relay. Available with o 
wide variety of thermocouples 
and in scale range from 0-500 to 
0-3000°F. 


ALNOR DEW POINT INDICA- 
TOR .. . for simple, rapid dew point 
reading of any gas. Indication takes 
place in an enclosed observation 
hamber under tely trolled 
conditions. Dew or fog suspended in 
air—not on mirrored surface—mokes 
it easy for two or more observers to 
get same accurate results. The Alnor 
Dewpointer is a complete, self-con- 
tained unit—no external coolant or 
other app is required. Availabi: 
for dew points from =80° F. to room 
temperature. 


* ALNOR TYPE 2300 SURFACE PYROMETER . .. sets o new high in precision 


\ measurement of low surface temperatures. Special design, from Alnico magnet to the 


for 
precise 


measurement 
of 


temperature, 


H 

aa ad 1] r velo cify a finest, quick reacting thermocouple, assures unfailing accuracy . . . speed and 
7 dependability. This is a self-contained, sturdy unit—easily carried ond used any- 
al where on a wide variety of applications. Direct reading, six-inch mirrored scale is 
ba d easily read... quickiy understood. The instrument is available in 5 Fahrenheit scale 
#1 ranges with a span as small as only 150°. 

an ge pa 


dew point! 


If your measurement problems involve any that have many unique patented features 
of these, choose a precision instrument that mean greater accuracy .. . a more 
from the Alnor line. Unexcelledforunfailing practical, trouble-free solution to your 
accuracy, Alnor instruments have proved measurement problems. 

their superiority in a broad range of lab- 

oratory, production-line and fieid applica- Follow the lead of those who know quality 
be tions. The units shown are buta few froma _ best... select Alnor for your laboratory or 
p full line of rugged precision instruments industrial instrumentation. 


Illinois Testing Leberatories, Inc. 

: ILLINOIS TESTING LABORATORIES y Rm. 518, 420 N. La Salle Street, Chicago 10, Illinois 
Send complete information on the following: 

4 1 © Type 2300 Surface Py 0 Thermo-A te 

‘ Send complete catalog 
: 
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WIDE BAND 


BY WATERMAN 


Another Waterman POCKET- 
SCOPE confirming the obsolescence 
of conventional oscilloscopes. 
Characterized by wide band am- 
plifier fidelity without peaking as 
wellas amazing portability. $-14-B 
POCKETSCOPE is ideal for labora- 
tory and field investigation of tran- 
sient signals, aperiodic pulses, or 
recurrent electrical wave forms. 


Vertical channel: 50mv rms/inch, with response 
within —2DB from DC to ZOOKC, and pulse 
rise of 0.35ys. Horizontal channel: 0.3v 
rms/inch with response within —2DB from DC 
to 200KC, and pulse rise of 1.8us. Non-fre- 
quency discriminating attenuators and gain 
with 
amplitude. Repetitive or trigger time base, 
with linearization, from VYacps to 50KC, with 
+ sync. or trigger. Trace expansion. Filter 
graph screen, Mu metal shield. And a host of 
other features. 


WATERMAN PRODUCTS: C0., INC. 


PHILADELPHIA 25, PA. 
CABLE ADDRESS: POKETSCOPE 


controls, internal calibration of trace 


WATERMAN PRODUCTS INCLUDE: 


S-10-B GENERAL POCKETSCOPE 

§-11-A INDUSTRIAL POCKETSCOPE 
S-14-A HI-GAIN POCKETSCOPE | 
$-15-A TWIN TUBE POCKETSCOPE 
$-21-A LINEAR TIME BASE 


Also RAKSCOPES, LINEAR 
AMPLIFIERS, RAYONIC® TUBES 
and other equipment 


WATERMAN PRODUCTS 


Page 582—Instruments—Vol. 23 


of valve position and for automatic- 
manual service. Set-point adjustment 
is made by knurled knob at bottom 
of case. Two micrometer screws above 
automatic-manual lever provide a con- 
venient means for making zero ad- 
justments for pen and _ set-pointer. 
Chart travels from right to left, one 
inch per hour, to produce a record 
similar to one which would be plotted 
oy an engineer. Charts may be torn 
off from left side as needed. Electri- 
cally-driven chart mechanism is de- 
signed to pull out like a camera. Scale 
at right shows actual process range of 
transmitter and graduated 3 to 15 psi. 
for noting valve position and checking 
calibration. Four forms (all receivers 
3 to 15 psi.) are available: (1) one 
process record, set-point indication, set- 
point adjustment, valve position indi- 
cation and automatic-manual unit for 
use with controllers located in the con- 
trol house; (2) one process record, set- 
point indication, set-point adjustment, 
valve position indication and _ auto- 
matic-manual unit for use with field 
mounted controllers; (3) one process 
record, valve position indication and 
remote manual valve loading; (4) one 
process record only.—Taylor Instru- 
ment Companies, Rochester 1, N. Y¥ 
Mention No. 606 when filling out card. 


Variable-area Flowmeters 


New sizes of “Ratosleeve” variable- 
area flowmeters permit standardization 
on one type of meter for all capacities 
encountered in plant. Flow rates from 
2 to 6200 GPM and from 3 to 12,500 


CFM are handled with a minimum 
number of basic metering parts de- 
signed for installation inside standard 
pipe fittings. Mountings for indicators, 
controllers, recorders, integrators and 
telemetering instruments are _ inter- 
changeable in all sizes.—Fischer & 
Porter Co., Hatboro, Pa. 
Mention No. 607 when filling out card. 


Pocket Psychrometer 
and Humidity Rule 


Now “TAG Pocket Humidicator 
Model 8704,” shorter than a_ pencil, 
shows relative humidity by the wet- 
and-dry bulb method; can be used 
either in the hand or mounted on a 
wall. A_ built-in slide rule converts 
wet-bulb and dry-bulb readings into 
relative humidity. eliminating charts or 
tables. Both etched-scale glass ther- 
mometers are individually hand-cali- 
brated; are secured in a white plastic 
case by integral resilient mountings. To 


use instrument, a few drops of water 
are applied to thermometer wick and 
instrument is fanned or swung for 
several moments. Setting wet-bull 
reading opposite dry-bulb reading on 
slide rule then indicates relative huni- 
dity—Weston Electrical Instrument 
Corp., 614 Frelinghuysen Avenu 
Newark 5, N. J. 

Mention No. 608 when filling out card. 


Automatic Computing 
System for Retail Stores 


New computing — systen 
for stores can give, at the moment of 
happening, an accurate picture of 
how sales are going in each depart- 
ment and division as well as the stor 
as a whole. System is said to be a simpli 
one: commercial utilization of maker's 
standard instrument components de- 
veloped for computing and _ contro 
requirements of U. S. defense estab- 
lishments. System begins at each cas! 
register with a transmitter and ends 
in executive offices where data ar 
computed and made visible. Sales in- 
dicators read in terms of a percentage 
of day's quota. This can be instantly 
converted into dollar sales for eac! 
department, division or total store by 
pressing a button. Continuous readings 
on indicators are accurate 
pointer-and-scale limits, but final read- 
ings are digital: exact figures for ac- 
counting, obtainable immediately upo! 
closing.—Arma Corp., 254 
, Brooklyn, N. Y. 


pone a No. 609 when filling out card. 


automatic 


Stereoscopic Microscope 


New “No. 20” stereoscopic micre- 
scope incorporates enhanced three-di- 
mensional vision, wide and flat fields, 
comfortable angle of vision, dustproo! 
nosepieces, and enclosed gearing fo! 
interpupillary-distance control. To ex- 
tend or reduce focusing range, raise 0! 
lower head of instrument to any 0! 
three positions by removing and replac- 
ing a thumb screw. Stage is of plater 
type; instrument finish is satin-smoot! 
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readings friction-free operation 


Illustration, Actual Size 


FOCAL GREEN shown. Other 
standard colors available. 
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MOORE PRODUCTS CO. 
AY) PHILADELPHIA, PA. 


AY 


7 


CONTROLLER 


MOORE 


NULLMATIC 


Standard 


GRAP HIC 


PANELS 


Installation 


%&xCONTINENTAL OIL CO. 


Denver, Colo. 
PETROLEUM CORP. 
Big Spring, Texas 
*% DEEP ROCK OIL CO 
Cushing, Okla. 
* GLOBE OIL & REF. CO. 
Lemont, III. 
x INDIANA FARM BUREAU 
Evansville, Ind. 
OLD DUTCH REFINING CO. 
uskegon, Mich. 
PAN AM SOUTHERN CORP. 
E] Dorado, Ark. 
ROCK ISLAND REF. CO 
Indianapolis, Ind. 
SHELL OIL CO. OF CANADA 
Montreal, Quebec 
SOCIETE GENERALE 
Dunkirk, France 
STANDARD OIL CO. (OHIO) 
Lima, Ohio 
SUN OIL CO. 
Toledo, Ohio 
TIDEWATER ASSOC. OIL CO. 
Drumright, Okla. 


%& WOOD RIVER OIL & REF. CO. 
Hartford, Ill 


% = On Stream by May 5, 1950 


Refinery Installations 


Graphic Panel 

Application Engineering 
TCC Cracking Unit Lummus 
4,800 bbl. /day 
UOP Fluid cat. UOP F 
6,000 bbl. /day Panellit 
UOP Fluid cat. UOP 
5,000 bbl. /day Panellit 
UOP Fluid cat. UOP 
6,000 bbl. /day Panellit 
Complete refinery UOP 
5,000 bbl. /day Panellit 
UOP Platformer UOP 
1,500 bbl. /day Panellit 
Delayed coker Lummus 
9,300 bbl. /day 
Complete refinery UOP 
10,000 bbl. /day Panellit 
Solutizer Shell 
7,000 bbl. /day Peacock 
Dist. 26,000 bbl. day Lummus 
Lube 9,000 bbl. day 
Dist. 9,000 bbl. day Lummus 
Lube 3,500 bbl..day G. E.-Sohio j 
Houdriflow cat. Sun-Houdry | 
30,000 bbl. /day Panellit 
Houdnflow Panellit 
4,500 bbl. /day 
UOP Fluid cat UOP 
7,500 bbl. /day Panellit 


** = First on Stream 


Over a thousand NULLMATIC M /P Stations—with remote- 
set NULLMATIC Controllers—are being used on the 
panels listed above, on graphic panels in five chemical 
plants, on consoles, and on conventional control boards. 


PHILADELPHIA 24, PA. 


DETROIT, CHICAGO, HOUST 


Branches: 
ON, PITTSB 


June 
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6 \ /P STATIONS. 
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§ 
AR 
MOORE PRODUCTS CO 


~GORDON’S 


TYPE 


Thermocouple 
Tube 


| Gordon Type 
R tubes, made 
and specially 
treated for use 
with thermo- 
couples in cy- 
anide and salt 
baths, not only 
give greater 
protection by 
preventing 
detrimental gas 
and penetra- 
have unusual- 
in service. Join 
satisfied users 
your tube re- 


For 
Cyanide 
and 
Salt 
Baths 


infiltration 
tion, but also 
ly long life 
the many | 
and lower 
placement costs. 

This is only one item in Gor- 
don’s complete line of protect- 
ing tubes for practically every 
application. Over a million of 
them have been put in service 
in the past few years. No matter 
what your requirements in pro- 
tecting tubes are, both in reg- 
ular and special sizes, consult 
Gordon first. 


% Write today for bulletin 
and information 


CLAUD S. GORDON CO. 


Specialists for 36 Years in the Heat Treating 
and Temperature Control Field 


Dept. 21, 3000 S. Wallace St., Chicago 146, Ill. 
Dept. 21, 2035 Hamilton Ave., Cleveland 14, O. 
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baked enamel. Microscope is available 
with single, double, or triple nose- 
pieces; vertical or inclined binocular 
bodies; and a wide selection of objec- 


| tives and eyepieces.—IJnstrument Div., 


American 
Mass. 


Meation No. 610 when filling out card. 


Optical Co., Southbridge, 


Indicating Pyrometer 


New “Model 192” indicating pyrom- 
eter is available in usual ranges, but 
is designed for economy of space. Front 


dimensions are 7.5 by 5 in. Net w: g 
is 3.5 lb. A high-resistance “edgey se” 
movement with Alnico V magnet 
mirrored scale is fuily compensated 
enclosed in dustproof housing.—W?) 
co Instruments Co., 847 W. Har ; 
St., Chicago 7, Ill. 


Mention No, 611 when filling out car.i, 


Recording Chart Pen 


New automatic recording chart pen, 
said to write for several months with- 
out servicing, works on capillary prin. 
c.pie using closed system; utilizes 


Small flexible 


reservoir. 
tube leads from bottle to pen; ink feeds 


bottled-ink 


at same rate used and never blurs; 
uses regular or fast-drying inks. 
Weight does not vary with ink supply. 
—American Recording Chart Co., 3115 
E. 11th St., Los Angeles 24, Calif. 


Mention No. 612 when filling out card. 


Recording Flowmeter 
Manometers 


New line of mercury manometers has 
been developed to utilize maker’s mag- 
netic-clutch or impedance-bridge type 
of transmitter, as originally used with 
variable-area flowmeters, in cases 
where a manometer is called for. 
Transmitters require no pressure-tight 
bearings or stuffing boxes; are adapt- 
able to electric or pneumatic trans- 


Principal Strain Computer 


New instrument for automatically 
computing and _ indicating principal 
strains operates directly from strain- 
gage rosettes, indicating almost instan- 
taneously the values of major principal 
strain, minor principal strain, and the 
principal angle. It operates with equi- 
angular rosettes, rectangular rosettes, 
and with Tee-Delta rosettes. A single 


| selector switch converts from one equa- 


| 


tion to another. Sum and difference 
factors are obtained by networks, oper- 
ating directly on outputs of individual 


gages. Square-rooct of sum of several 
squares is obtained almost instantane- 
ously by a self-balancing electrodyna- 
mometer. A total of 48 rosettes (eithe1 
3-gage or 4-gage) may be connected 
to new computer and each gage pro- 
perly balanced before strain determina- 
tions are made. Built-in calibrating 
equipment is provided.—Hathaway In- 
strument Co., 1315 S. Clarkson St., 
Denver 10, Colo. 


Ment'on No. 613 when filling out card. 
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has an external manual-automatic station 


as mistake-proof as this 


EXCLUSIVE mechanical interlock prevents switching into wrong position 


EXCLUSIVE “balancing” arrangement prevents “bumping” on changeover 


Among the many features which have put the 
Bristol Series 500 Air-Operated Controller way 
out front is the unique External Manual-Auto- 
matic Station. 

1. “Test” and “Service” positions are mechan- 
ically interlocked. Operator cannot, by mistake, 
go through “Manual” position into either “Test” 
or “Service.” 

2. Output pressures of the controller and the 
regulator on panel are measured by the same 
gauge. This enables operator to achieve exact 
balance before going from automatic to manual 
control or vice versa, thus eliminating the possi- 
bility of a “bump” to the process during change- 
over. 

Bristol’s External Manual-Automatic Station 
is an integral part of the controller installation 


... yet can be used independently for manually 
controlling the process before the controller is 
installed or after it has been removed for any 
reason. 

Read what else Bristol Series 500 Controller 
gives you . .. calibrated control, single service 
adjustment, reset stops, etc. Write for new Bul- 
letin A120 on Series 500 Air-Operated Con- 
trollers, THE BRISTOL COMPANY, 113 Bristol 
Road, Waterbury 20, Conn. 


BRISTOL 


Engineers process control for 


better products and profits 


AUTOMATIC CONTROLLING, RECORDING AND TELEMETERING INSTRUMENTS 
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VIBRATION TEMPERATURE 
STRESS STRAIN ANALYSIS 


mission of signals. Instruments wil] 
stand up to 1500 psi. and are supplied 
in ranges of up to 35, 50, 100, 200, and 
400 in. water.—Fischer & Porter Co, 
Hatboro, Pa. 


Mention No. 614 when filling out card, 


Humidity-indicating 
Printed Cards 


New humidity-sensitive cards, selling 
for only a few cents, represent a radi- 
cal innovation in field of humidity 
measurement. Six graded hygroscopic 
materials are printed in a row of ().4- 


FEATURES 
1. 12—50 individual channel recording. 


2. Continuous recording up to 200’ without jamming 


3. Instant ch of recording speeds up to 50” per second with automatic 


adjustment of lamp intensity. 


4. Timing System — Discharge lamp controlled by temperature compensated tuning 
fork providing sharp .01 second with heavier .1 second timing lines. Conversion 
i to .1 second lines only, by switching. 


5. Independent optical system provides constant view of traces vith optimum light 
intensity at all times. 


6. Recording lomp under con tant surveillance of external condition indicator lamps. in. circles. Color change tells at a 
7. Galvanometers — with optional range of frequencies and sensitivities. glance relative humidity over rangé 
8. Electrical — Available for operation from option of 12 or 24 volts D.C., or 110 20 to 70 percent with an accuracy of 
volts A.C. abcut 5 percent. At very high humid- 
ity, colors will run, indicating that 
OPTIONAL FEATURES near-saturation has been reached. In- 
dicator is reversible and will not dust 
1. Trace identification by means of light interruption. off.—-Humidial Co., 864 Edgehill, Co! 
2. Trace scanning for observation of steady state phenomena, ton, Calif. 
3. Remote control unit. Mention No. 615 when filling ou: card. 
4. Automatic record numbering system. 


5. Automatic record length control. 
6. Visual paper footage indicator. Automatic Direction Finder 
for Aircraft 
New ‘Model ADF-12” automatic di- 
rection finder consists of a tuner, am- 
plifier, azimuth indicator and loop as- 


For additional information write 


GEOPHYSICAL CORPORATION 


OKLAHOMA 


216 No. 12th Street 
7, Pa. 
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sly, Unit meets USAF and CAA 


sel! 1 UL 
n requirements for use in jet, 


10” desis 
transport, executive, liaison and per- 
gona! aircraft. Weight is 18 lbs.— 
Lear, Ine., Aireraft Radio Div., 110 
Ionia Ave. N.W., Grand Rapids 2, Mich. 

Mention No. 616 when filling out card. 
= 
wer 


Film-thickness Gage 


New thickness gage for measuring 
dry films operates by stripving film 
from base, and then noting with op- 
tical system the distance necessary to 


will 
supplied 
200, and 


rter Co. 


it card, 


ag 
move an eccentric wheel to touch film 
while supports are resting on stripped 
base. For measuring metal, foil, paper, 
or plastic film thickness, a feeler gage 
principle is used. High accuracy is 


Selling 
a radi- 
Lumidity 


FOSCOPIC 5 claimed because no pressure is ex xerted 
y of 0.4- iB against measured surface.—Henry A. 
Gardner Lab.. Inc., 47238 Elm St., 
a Bethesda 14, Md. 
a Ment‘on No. 617 when filling out card. 
Static Eliminator for 
Analytical Balances 
Z New “Model M” static eliminator 
uses harmless quantity of polonium as 
7 
‘ 
| 
= 
S at a | 
range 
ig that A 
ed. In- 
ot dust 
Ul, Col- = 
wae a source to ionize air in vicinity of 
balances to discharge static electricity. 
; ). Machlett & Son, 220 E. 23rd St., 
New York 10, N. 
inder : Mention No. 618 when ie out card. 
4 
. 
atic di- Reid Pressure Bombs 
New light-weight Reid Vapor Pres- 


sure Bombs suitable for testing avia- 
on gasolines, aceording to revised 
ASTM Method D-353-49, are also suit- 
able for ordinary gasoline, benzol blends 
and volatile liquids. Volume ratio of 
air chamber to gas chamber has been 
held within close limits set for testing 
aviation gasolines. Without pressure 
£ace, immersion sampling bombs weigh 


= 


®@ After many long service tests 
with all kinds of bearing materials we 
found the best material for movement 
bushings to be—graphited Bakelite. 

Graphited Bakelite bushings outwore all others— 
ran 50,000,000 full stroke cycles at 700 cycles a 
minute with negligible wear, no corrosion, no distor- 
tion from impact. 


Among other tests, one of the largest public util- 
ities found that HELICOID GAGES with these bushings 
lasted four times longer than any other gage tested 
under the same severe conditions. 


Helicoid movements with graphited Bakelite bush- 
ings have less static and kinetic friction. They are 
now standard in all Helicoid gages—at no extra cost. 


HELICOID 
Only Helicoid Pressure Gages 
have the Helicoid Movement 
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Liquid Level. . .and 
very large flow rates 
f 


FG&P Boll-Floot LEVELIMETER instrument ino heavy chemicals plant 


Measurement, Exhibition, and Control of | 
.. and Weir & 
Flume Level for very large flow rates | 


Liquid & Interface Level . 


SPECIFICATIONS? 


Maximum Travel | 25 feet 10 inches 
Sensitivity Ve inch 1/100 inch 
Adapted for extremely corrosive service 


Available without stuffing boxes, pressure- 
tight bearings and mechanical linkages 


Pressures and temperatures limited only 
by acceptable materials of construction 


Automatic Control 

Single- or multi-level, close-coupled or 
remote exhibition (indicating, recording 
or both) 


Primary Element 
Boll-Float: 

Direct-Acting 

Lever-Acting 


Operating Range 


2”, 5” and 10” 


determined by 
installation 


12 inches and above 


Pneumatic: Bubbler 
and Diaphragm 


“Doughnut” 


up to 25 feet 


Differential-Pressure 
Manometer 


400 inches H.O 
meosurement - 
suppression possible 


Displacer-Buoy 


determined by 


installation 


Coupling: Electric, Electronic, Magnetic 


Transmission: Electric (Inductance Bridge 
and Selsyn), Electronic, Pneumatic rw 


MORE INFORMATION? 


Fill in coupon and mail 


| 7 

Name 

Position 
Company 


Street 


‘FISCHER & PORTER CO. 


| Dept. OR-5C 


PROCESS CONTROL INSTRUMENTS 


Hatboro, Penna. 
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3 lbs.; pressure sampling bombs 4.5 
lbs. Both new bombs are guaranteed 
accurate to within 0.5 percent of scale 
range.—Precision Scientific Co., 3737 
W. Cortland Ave., Chicago 47, Ill. 
Mention No. 619 when filling out card. 


Adjustable Linkage 
for Dynamometry 


New “Uni-Beam” linkage for torque 
measurement offers continuously-ad- 
justable cable assemblies for a wide 
range of torque selection. Instrument 


produces air-pressure output which is 
linear with respect to torque, and is 
accurate to one-tenth percent.—Link 
Engineering Co., 13845 Elmira Ave., 
Detroit 27, Mich. 

Mention No. 620 when filling out card. 


Aircraft Thermostat 


New “FYLD” duct thermostat for 
aircraft heater control is equipped with 
a flexible cable for remote control-point 
adjustment from cockpit or flight-at- 
tendant station. It compensates for 


variations in duct air velocity. Stand- 
off flange mounting eliminates varia- 
tions in calibration with changes in 
ambient air temperature. Maximum 
thermostat operating temperature is 
450 F.; maximum range is 200 F. 
Electrical components are explosion 
proof.—Barber-Colman Co., Rockford, 


Mention No. 621 when filling out card. 


Automatic Barrel Fill. - 


New automatic barrel filler wij 
handle volatiles and crude-viscous es}. 
due with equal efficiency. Auto» atic 
check valve operates when bar | j, 
full, thus preventing overflow. T), 
Pennsylvania Flexible Metallic T ving 
Co., 7200 Powers Lane, Philade 
42, Pa. 

Mention No. 622 when filling out card, 


Yarn-tension Controller 


New yarn-tension controller uses a 
magnetic drag, or hysteresis effect, ¢; 
apply tensions to yarn of different sizes 


adjustable over a range of 3.5 to 10.5 
gram-inches at speeds up to 700 yards 
per minute.—General Electric Co., 
Schenectady 5, N. Y. 

Mention No. 623 when filling out card. 


Tin-content Indicator 
for Solder 


New “Model 2872” of maker’s tin- 
content indicator originally described 
with three illustrations on p. 810, Sept. 


225 
48 Instruments, will determine up to 
7 percent tin content in lead alloys in 
a matter of seconds.—Wheelco Instru- 
ments Co., Chicago 7, Ill. 

Mention No. 624 when filling out card. 


Contour Recorder 


New “Model MTR-1” contour re- 
corder is designed to obtain records 
of tooth forms, thread forms and simi- 
lar gearing, but is adaptable to other 
applications. Pen movement is 0.125 
in. per 0.0001 in. of checker finger 
movement. Chart drives give 0.5 in. 
travel for either 2 or 1 degree of work 
rotation.—Michigan Tool Co., Detroit, 
Mich. 


Mention No. 625 when filling out card. 


Laboratory Balances 
New line of laboratory balances is 
a complete re-design to take advantage 
of new corrosion-resistant alloys with 
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MAXIMUM ACCURACY 
MINIMUM DISTORTION 


FREQUENCY INSENSITIVITY 


INA 


tater tt 


An 


Standard DC Standard AC 


J 


12S 5000S 
Modelin VACapacity 1505 2508 2000S 10000S 
**Load in amperes 5-15-40-100 5-15-50 5-10-30 15 5-10 5005 10005 30005 15000$ 


Input voltage 95-130 VAC single phase 50-60 cycles: ‘ 
adapter available for 230 VAC operation Regulation Accuracy +0.1% 0.1% 0.1% 0.1% 


*Output voltage 6 12 28 48 


Regulation +0.2% from 1/10 to full load Harmonic Distortion 3% max. 2% max. 3% max. 3% max. 
Accuracy Input voltage 95-130 VAC also available for 190-260 
VAC single phase 50-60 cycles 


RSITY 


VF} 


Ripple voltage 1% 
RMS Max. Output voltage Adjustable between 110-120; 220-240 in 
230 VAC models 


Recovery time 0.2 seconds — value includes charging time 
of filter circuit for the most severe change Load range O= Full lood 
in load or input conditions 


UN 


P.F. range Down to 0.7 P.F. 


*Adjustable-+ 10%, —25% 
**Iindividual models identified by indicating output voltage first NOTES: Regulators can be hermetically sealed. 


then amperes. Example: E-6-5 6 VDC (@ 5 amperes All models temperature compensated. 


SPECIALS Your particular requirements can be met by employing the ORIGINAL 
SORENSEN CIRCUIT in your product or application. 

SORENSEN REGULATORS can be designed to meet JAN specifications. 

SORENSEN engineers are always available for consultation about unusual regulators to 
meet special needs not handled by THE STANDARD SORENSEN LINE. 


Write for Complete Literature 


Forensen and company, inc. 


375 Fairfield Avenue, Stamford, Conn. 
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Voltage jitters in power lines are not only a nuisance but pre- 
vent proper operation of electrical equipment . . . cause faulty 
test results in laboratory and shop. STABILINE Automatic 
Voltage Regulators can remedy this undesirable condition; can 
give you the engineered control that will assure you of con- 
stant line voltage when and where it’s most needed. 


STABILINE TYPE IE 
(INSTANTANEOUS - ELECTRONIC) 

Completely electronic in operation; 

has no moving parts. Offers instan- 

taneous action, to maintain output voltage to within +0.1 volts of 
nominal for any line voltage variations; to within +0.15 volts for any 
load current change or load power factor change from .5 lagging to 9 
leading. Waveform distortion never exceeds 3%. 


STABILINE TYPE EM 


(ELECTRO - MECHANICAL) 


For large installations where high 
efficiency, zero waveform distortion 
and low cost are important; where 
instantaneous correction is unneces- 
sary. Delivers constant output volt- 
age regardless of variations in in- 
put voltage or load current. 


STABILINE Automatic Voltage Regulators are offered in a 
wide range of ratings, in cabinets or for relay rack mounting. 
Our new bulletin gives complete details on the STABILINE 
types IE and EM. Write for a free copy today. 


THE SUPERIOR ELECTRIC 


BRISTOL, CONNECTICUT 


706 MEADOW ST. 
BRISTOL, 
CONN. 


non-magnetic properties, the experience 
of leading chemists and _ technicians, 
and modern styling.—Christian Beck- 
Torsion Balance Co., Clifton, 


Mention No. 626 when filling out card. 


Shear-hardness and 
Diamond-scratch Tester 


New “Model 139” shear-hardness and 
diamond-scratch tester is equipped 
with balanced-scale beam, calibrated in 
grams, to which is attached either a 


contour shear tool, or a diamond-point 
scratch tool. Sliding weight gives range 
0 to 500 g. with extra weight to extend 
range to 1000 g. Specimen may be any 
thickness up to 0.25 in. Instruction 
book describes interpretation of meas- 
urements.—Taber Instrument Corp. 
111-7 Goundry St., N. Tonawanda, N.Y. 
Mention No. 627 when filling out card. 


Productivity Slide-rule 
New “Productivity-Scope slide-rule 
has scales calibrated in terms of hours 
worked and hours earned, and recess for 
a job instruction slip. Rule is attached 
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direct!y to each machine, or placed on 
h worker’s bench. When hourly out- 
below standard, the fact is indi- 


Mention No. 628 when filling out card. 


Vernier Caliper 


New “Model 64” Mauser caliper for 
outside, inside, and depth measure- 
ments has three scales: inches with 


vernier to one-thousandth, fractions 
with vernier to one-hundred and twen- 
ty-eighth, and millimeters to tenths.— 
George Scherr Inc., 200 Lafayette St., 
New York 12, N. Y. 

Mention No. 629 when filling out card. 


Universal Projector 


New universal projector is primarily 
a measuring instrument capable of 
reading in increments of ten-thou- 
sandths of an inch in two planes at 
9) degrees, but also provides contour 


and front-surface projection of subject. 
It is available in 10, 20, 30, 45, and 60 
standard and special up to 120-times 
magnification. Screen is 6-in. square, 
made of textolite. Parts up to 5-in. 
high can be measured.—Stocker and 
Yale, Marblehead, Mass. 


Mention No. 630 when filling out card. 


Laboratory Millivolt 
Indicator 


New laboratory-type electronic in- 
dicator for accurately measuring milli- 
volts is being produced jointly by Rub- 
icon Company and the undersigned. In 
this new instrument an “ElectroniK” 
Indicator performs the functions of a 
galvanometer in detecting unbalance, 
hence reduces operator fatigue and in- 
creases potential work to be done. New 
Insirument is designed for checking, 
calibrating and standardizing indicat- 


| 
| 


As you want it... 


when you want it... 
Gauges from ¥° or lighter 


Whatever your requirements in electrical 
enclosures KIRK & BLUM is equipped to 
fabricate them to your most exacting 
specifications. Whether it's a single unit 


... or hundreds... KIRK & BLUM has 
the organization, experience and facilities 
to do a first class job. 


Sheet metal units fabricated by KIRK & 
BLUM follow the customer's specifications 
accurately, down to the last detail. 


We specialize in custom-built parts and 
assemblies of Sheet Steel and Light Plate, 
Stainless, Aluminum, Monel, -and other 
alloys. 


Send your prints for prompt quotation to 
THE KIRK & BLUM MFG. COMPANY, 
2911 Spring Grove Avenue, Cincinnati 
25, Ohio. 


KIRK“ fLum 


MADE TO YOUR EXACT SPECIFICATIONS 


@ CONTROL DESKS AND PANELS 

@ SWITCH GEAR HOUSINGS 

@ CUBICLES 

@ TRANSFORMER HOUSINGS AND TANKS 
@ ELECTRICAL ENCLOSURES 

@ VENTILATING LOUVRES 
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cated by a red signal. When job is in | 
good shape, with production above nor- 
mal, a green signal shows.—R. G. Bock | 
cago 13, Til. ? 
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= Gaertner 


AUTOMATIC 


CIRCULAR DIVIDING MACHINE 


For production ruling of precision circular scales according to any standard pattern 
of lines having industrial or scientific application. Fully automatic. Up to 60 lines 
per minute on horizontal, beveled or cylindrical surfaces. 

Early Delivery 
Request Bulletin 182-49 


THE GAERTNER SCIENTIFIC CORP. 
1211 WRIGHTWOOD AVE.. CHICAGO 14, U. S. A. 


FOR HIGH-ACCURACY AIR VELOCITY MEASUREMENTS 


Read directly from the palm of your 
hand, Hastings Air Meter registers 
ranges from 5 to 6,000 fpm.. . 
weighs only 24 ounces. Powered by 
110 volt or portable supply. 

Write for Bulletin I-10 


HASTINGS INSTRUMENT (co., 


é 


P.O. BOX 1275 
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ing instruments, potentiometer. anq 
thermocouples. It is said to “ce ing 
the high accuracy of the Rubico ja). 
oratory-type potentiometer wit! th. 
automatic null-type measuring «© 
of Brown ElectroniKs.” Read: jit, 
and sensitivity, one microvolt; acc racy 
within three microvolts, or 0.02 px cent 
of indication—Brown Instrun nts 
Div., Minneapolis-Honeywell Reg. ‘ato, 
Co., Wayne and Roberts Avenues, )?)]- 
adelphia 44, Pa. 


Mention No. 631 when filling out card. 


Phase Sequence Indicator 


New “Model K-3 Knopp Phase §¢. 
quence Indicator” features several! ad. 
vancements in cesign; is for use on 
60 to 600-volt circuits (as compared 
to maximum of 500 volts in model 
being superseded); can be used fo; 


checking phase sequence of circuits 
having a frequency above normal 6) 
cycles by raising minimum circuit volt- 
age above 60 volts, maximum frequen- 
cy being 400 cycles. For example, it 
can be used to check 180-cycle circuits 
of 200 volts and more. Correct indica- 
tion is given regardless of voltage or 
circuit conditions without changing taps 
or dials.—Electrical Facilities  Inc., 
4250 Holden St., Oakland 8, Calif. 


Mention No. 632 when filling out card. 


Insulation Tester 


New low-cost insulation resistance 
tester is said to have advantages of 
maker’s “Midget Megger” Tester, plus 
a new improved generator, flush ter- 


minals and durable, modern-design 
plastic case. In addition, it is avail- 
able with ohm scale and selector switch 
in ranges 0 to 10 megohms (100 volts), 
0 to 20 megohms (250 volts) and 0 t 
50 megohms (500 volts).—James G. 
Biddle Co., 1316 Arch St.. Philadelp/ia 
1, Pa. 


Mention No. 633 when filling out card 


two 
cont 
yn 
T 
\ | 
NEW AIR METE DHA 
eur! 
: 


Electrical Resolvers 


anc 
vy mechanoelectrical components in 
i lab. two -ize groups developed particularly 
the for vlectromechanical computing and 
© veuit control equipment are announced for 
a ility apparatus using trigonometric func- 


racy tions. Arma Corp., 254 36th St., Brook- 


{ 
ercent lyn 32, N.Y. 
_ Mention No. 634 when filling out card. 
.ator 
, Phil. 
pak Tuned Audio Amplifiers 
New series of amplifiers provide pass 
frequencies and tuned frequencies of 
to 400, 500, 1000, 2000, 3000, and 10,000 
r cps. Positive feedback is predominant 
se Se. 
al ad. 
Ise on 
ipared 
model 
d for 
at pass frequency while negative feed- 
back prevails throughout remainder of 
spectrum.—Instrument Div., Amplifier 
Corp. of America, 398-17 Broadway, 
New York 18, N.Y. 
Mention No. 635 when filling out card. 
Slotted Line 
. and Coaxial Elements 
for UHF Measurements 
volt- New “Type 874-LB” slotted line and 
quen- “Type 874” coaxial elements are said 
le, it to provide a convenient and accurate 
— system for impedance, standing-wave, 
ndica- 
ge 
taps 
Inc., 
if. 
ard. 
tance 
es of 
plus 
ter- 
voltage and power measurements at 
ultra-high frequencies. Over-all stand- 
ing-wave ratio is less than 1.02 at 1,000 
megacycles, and constancy of probe 
penetration is better than 2.5 percent. 
—General Radio Co., 275 Massachu- 
setts Ave., Cambridge 39, Mass. 
Mention No. 636 when filling out card. 
Infinite-impedance Probe 
for D-c. VTVM 
sign New “PR6-NL” 1,000 to 1 capacitive 
vail- d-c. divider probe is an ultra-sensitive 
viteh current-measuring device to be used 
Its), with maker’s d-c. millivoltmeter, “‘Mod- 
0 te el MV-17b.” Currents to be measured 
3 OG. are fed into a 500 micromicrofarad ca- 
phia pacitor for a definite period of time. 
A switeh then transfers charge into 
rd 


Accurate information on humidity and temperature is essential 


in laboratory and scientific work. Be sure of these facts with 


Bendix-Friez precision instruments built to the most exacting 


standards by the foremost manufacturers of weather instru- 


mentation. 


BENDIX-FRIEZ 


Precision Humidity and 
Temperature Indicator, Model 185 


Hair-operated and calibrated to professional 


BENDIX-FRIEZ 


Hand Aspirated 
Psychrometer, Model HA/2 
Pocket size, a new standard of conven- 
ience in measuring relative humidity. 
Accurate readings obtainable without 
special skill. Psychrometric readings can 
be taken at any point desired however 

inaccessible. 


BENDIX-FRIEZ 
Portable Humidity and Temper- 
ature Recorder, Model 160— 
3” x 5” charts, 10 or 30 hour records. 
Modern design .. . handy for small space 
and difficult locations . . . built to meet 
unusual conditions. 


WRITE: 


standards of accuracy by the maker of the 
world's finest weather instruments. Handsome, 
modern case—4” high, 52” wide, 1544” deep 
—desk or wall mounting. A genuine precision 
indicator reasonably priced. 


FRIEZ INSTRUMENT DIVISION of 


1354 Taylor Avenue 


Baltimore 4, Maryland 


AVIATION CORPORATION 


Export Sales: Bendix international Division, 72 Fifth Avenue, New York 11, N. Y. 
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push- 

OLLOW 

F and h 

Me: 


JUST PLAIN 


RUGGED 
an 0.5 condenser supplying d-c. power 
yet an to millivoltmeter. Current measure- 
instrument of ments down to a half micromicroan- | 
pere can be made with a charging time abit 
highest QUALITY of 50 sec. Probe can also be used fo) 
infinite-impedance voltage measure- 
- + + PRECISION ments between 1 v. and 30 v.—Millivac 
. . . ACCURACY Instruments, P. O. Box 3027, New 


Haven, Conn. 


The Burlington “Hermetically Sealed" Instrument 
was designed and is manufactured to conform to , Meation No. 637 when filling out card. 
JAN specifications for sealed instruments. 


— with heavy copper-cadmium plate and black / set Regulated A-c. Voltage 


Excellent shielding due to case mater‘al and construction. Supply 

Double strength clear glass. osstiie, New “Type CVL” regulated voltage 
idi d supply is for use with equip- 
under controlled humidity and tem- ment that requires adjustable 
D'Arsonval per manent magnet type movement for DC source of at. voltage {from 0 
applications. 

Designed to enhance panel appearance. 

Available in 2!/2" and 3!/2" round case iypes. 

Guaranteed for one year against workmanship and Best Buy Burlington 

materials. 


BURLINGTON INSTRUMENT COMPANY BURLINGTON. IOWA 


\ “ sensi 

flow 

3, Pa 


to 130 v.) of undistorted wave shape. 
Characteristics are 1-percent regula- 
tion for line-input changes from 95- 
125 v. with less than 3-percent  har- 
eee monic distortion of input-voltage wave. 
: —Sola Electric Co., 4633 W. 16th St., 
Chicago 50, Ill. 


But Oh, What a Difference in Cooks! 


Mention No. 638 when fill'ng out card. 


There's nothing secret about the for- 
mulae for permanent magnet materials. p A. oo Wide-band D-c. Amplifier 
there's plenty of difference Ge : New “Model 120” wide-band d-c. am- 
finished product ...a difference that is has an input impedance of 1 
determined by the know-how of the Mp eS / megohm at 20 micromicrofarads single 
fabricator. ee ea end, or 2 megohms at 10 mmf. for 
Thomas & Skinner permanent magnets 
reflect our 49 years of experience in the 
design and fabrication of the right mag- 
net for every application. Let us “cook 
up” the right magnet for you. Write or 
call us today. 
Thomas & Skinner— Specialists in gnet. 
ics: permanent magnets and laminated cores. 


THOMAS & SKINNER Steel Products Company 
1120 East 23rd Street - Indianapolis, Indiana 
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ie 
‘ 
an 
Came 
246 
| wit 
: 


push-) frequency response of d-e. 
fio 10.000 cps. within 1 db. and 6 
db. d@ wn at 200,000 ecps.; max. gain 
of 10°; less than 40 microvolts noise 
and hom at input; and less than 1 milli- 


volt dvift after warm-up.—F'urst Elec- 
F tronics, 12 S. Jefferson St., Chicago 
A 6, Ili. 
Mention No. 639 when fill’ng out card. 


OUT OF 25 YEARS OF PIONEERING 
COME THE 


MODERN BARTON FLOWMETERS 


With these Exclusive Features 


* Rupture-Proof, Stainless Steel Bellows 


Pneumatic Current 
ae Controller 
New “Model EB” pneumatic current 
controller utilizes a standard electrical 
component such as a rheostat or vari- 
able transformer modified for continu- 


power 
‘asure- 
Croam- 
time 
ed for 
Sure. 
‘illivac 

New 


* Self-Draining Housings 


Internal Adjustable Pulsation Dampener 


card, 


For 
Measuring 


FLOW 


se 


oltage 


L. 
equip- 
stable LIQUID LEVEL 
rom 0 + ey 

oF 
DIFFERENTIAL 
PRESSURE 
=? 
231 
nrottli Model 202 Model 200 
us throttling-control service, and a aif 
new pneumatic-cylinder operator which Recorder Indicator co 
includes an integrally-mounted  posi- ont 
tioning device to provide accuracy and Pad 
sensitivity of positioning to within T Y G E Oo U L 
0.2 percent of its total travel.—Cono- cy 
flow Corp., 2100 Arch St., Philadelphia *NO mercury loss. *¥NO mercury emulsification. 4 
3, Pa. 
Mention No. 640 when filling out card. *NO pressure bearing leaks, *NO pressure bearing lubrication. ‘< 
hape : *NO trouble from corrosion or fouling of chain links or pivots 4 
95. Oscilloscope Camera exposed to line fluids. Ld 
cc New “F-284” oscilloscope camera is Write for Bulletin 11C4 = 
an adaptation of the Polaroid-Land 
“te Camera which delivers an accurate ~ 
photographie record of single tran- BARTON INSTRUMENT CORPORATION 
rd. 1431 SO. EASTERN AVE., LOS ANGELES 22, CALIF. 
er 
am- 
of 1 
ingle 
for 


That Have A Bearing On Bearings 


d . a 237 These new instrument bearing tools for handling small precision ball bearings 
§ a , were proof tested during development on the assembly line of a leading aircraft 
E Sienis or repetitive phenomena without instrument company and won their approval. 

With these precision tools your skilled technic ians can assemble. or replace 
B sible to make two recordin ay on pool delicate high grade radial bearings without danger of applying any foree whieh 
St gs ) could damage the ball races, yet they are strong enough te remove stubborn 


| print. Camera is designed for use with 
tandard 5-in. cathode-ray oscil- 
losecne, piting to 1 THE BAKER COMPANY, MAPLEWOOD, MAINE 
r nicrosecon¢ lave een recordec Instrument H j 

Pith an accelerating potential of 3000 


damaged bearings. 
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MICROPOT 


\ PRECISION TEN-TURN POTENTIOMETER 


get permanent 


torque provided by the 
stainless steel, precision 
double thread 


gral part of the housing. 

You get accurate setting and re- 

in contact guide. 

you ous fine resolution because 

of the 4314" length c‘ -esistance 

wire in the spiral element. 

You get a resistance output directly 
rtional to shaft rotation with- 


in +0.1% of the total resistance. 


SECTION 


LINEARITY 


Accuracy + 


in 


1,000 to 30,000 ohm range. 


WRITE TODAY FoR. 
ENGINEERING INFORMATION | 


GIBBS DIVISION 


THE GEORGE 


DELA 


W. BORG CORPORATION 


VAN®*® WISCONSIN 


High Precision OpticaL Compo- 
NENTS Any Size For 
Astronomical and Physical 
Research 
Parabolic, Spherical, Ellipsoidal 
and Plane Mirrors 
Piane Parallel PLaTEs 

SCHLIEREN 
e 
Interferometer PLATES 
e 
Lenses and Prisms of Glass 
Natural or Synthetic CrystaLs 


SYSTEMS 


Complete Optical and Mechanical 
INSTRUMENTS 


Made to Specifications 
. 
High Vacuum Coating 


3551-3555 East Street 


Pittsburgh 14, Penna. 


John Unertl Optical Co. 


AMTHOR Dead Weight 
Pressure Gauge TESTER 


Modern design and construction puts 
this rugged precision instrument in a 
grade above the ordinary dead-weight 
testers. 


Made in ten ranges, to 5000 Ibs. maxi- 


mum, 


We guarantee 1/10 of 1 percent accu- 
racy in each range. 
The Type 452 is designed for simplicity 
and compactness. It incorporates the 
newest refinements and improvements. 
Adapters and tools are supplied, as well 
as either carrying case or protecting 
cover, 
Immediate and intelligent at- 
tention will be given to your 
inquiries on all industrial 
speed measurement protlems. 


Drop us a line today. 
Amthor 


Testing Instrument Co., Inc. 
49a Van Sinderen Ave. Brooklyn, N. Y. 
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v. With higher accelerating pot: 
writing speeds up to 50 to 60 
per microsecond are _ possible. 
size is 3.25 by 4.25 in. with t: 
corded images reduced by a ra 
only 2 to 1 from original t) 
Fairchild Camera and Instr) 
Corp., 88-06 Van Wyck Blvd., Ju 
LN. 

Mention No. 641 when filling out « 


Resistance Boxes 


New resistance boxes are designe 
for use as standards for d-c. and fy 
a-c. resistance measurements up to me. 
dium frequencies. New type of rota) 
switch has solid- silver contacts an) 
silver-alloy multiple-leaf brushes. Ze; 


freqt 
extre 
altiti 
abse} 
100 

weig 


Varo 


or contact resistance is less than (),(0. 
ohm per decade and changes less tha 
0.6005 ohm per decade on accelerat 
life tests. Limit of error is plus © 
minus (0.05 per cent plus 0.0005 ohm) 
4-dial model has a range of 11,110 ohms 
in l-ohm steps. 5-dial models cove) 
11,111 ohms in 0.1 ohm steps or 111,11! 
ohms in 1-ohm steps. Time constant at 
50 ke. is less than 0.05 microsecond. 
Leeds & Northrup Co., 4984 Stento 
Ave., Philadelphia 44, Pa. 

Mention No. 642 when vested out card. 


erati 


“Light-spot-pointer” Type 
Electrical Instruments 

New 28.25 in. scale electrical instru- 
ments with spot-of-light pointer ca: 
be furnished with any type of move- 
ment or sensitivity normally obtain- 
able as micro, milli, or ammeters and 
milli or voltmeters in a-c. or d-c. types high 
sion 
tion 
posit 
stanc 
Of 


trie 


209 


rectifier, thermo, RF, watt, pyro, 
tachometers; strain-gage indicators 
and similar instruments. They can | 
calibrated to as close as 0.25 percent 
of full-scale value. Single instrument 
are 18.25 by 22.875 by 7.25 in. an 
weigh 34.75 Ibs. Dual instruments 
measure 25.5 by 52 by 10 in. and weig 
158.5 Ibs. Instrument is housed in 
heavy welded-steel case with blac! 
wrinkle finish——Cole Instrument 
1320 South Grand Ave., Los Angeles 
Calif. 

Mention No. 643 when filling out card. 


tials 

ches 

rint Ne 

© cause the resistance wire is locked 

in place, It is precision positioned 

and moulded integrally with the itd, 

You set permanently accurate st 
© tings, smooth action and low 

3 You get precise positioning of the 

moving contact because of the | 

@ cause they are moulded integrally 

* Me 

tested for linearity Band | 

. } ROS 

q 
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tt tials 


n 0,00: 
ss thar 


‘lerate 
plus 
ohm) 


0 ohms 
» Covel 
111,11 
tant at 


cond. 
Stent 


card, 


“ype 
ts 


instru- 
Pr 

move- 
obtair - 
rs and 
types 


Electronic Inverter 


Nev “Model 421” electronic inverter 
trans'orms 28 v. d.c. to 400 cps. within 
one-teath percent, 115 v. single phase 
and 115 v. three phase. Features are 


frequency and voltage stability, over 
extreme ranges of temperature and 
altitude, load and input ranges, and 
absence of moving parts. Output is 
100 VA, power factor 0.4 to 0.8 lag, 
weight 19 Ibs., volume 620 cu. in.— 
Varo Mfg. Co., Box 638, Garland, Tex. 


Mention No. 644 when filling out card. 


Magnetic Starters 


New “Bulletin 4120” magnetic start- 
ers with disconnect switches, fusible 
and non-fusible type, feature front op- 
eration, thermal-overload protection, 


high are-interruption capacity, provi- 
sion for padlocking in on and off posi- 
tion and interlock protection in on 
position. Starters are available in four 
standard sizes to 50 H.P., 3 Ph., 550 


60 eps. max.—Ward Leonard Elee- 


trie Co., Mount Vernon, N.Y. 
Mention No. 645 when filling out card. 


Voltage Tester 


New “Model 1601” voltage tester af- 
fords full protection against exploding 
or serious arcing even when accidental- 
ly applied to a voltage as high as 4800 
for as long as two seconds. Indication 
if 120, 240, 480 or 600 v. a.c. circuits 


TEN TURN-COUNTING DIAL 


Microdial is composed of two concen- 
trically mounted dials... one for 
counting increments of each turn and 
the other for counting turns. The in- 
cremental dial has 100 equal divisions 
and is attached rigidly to the shaft so 
there is no backlash. Thus the contact 
position is indicated to an indexed 
accuracy of 1 part in 1000. Rotation 
is continuous in either direction. There 
are no stops on the Microdial assembly. 


COMPACT... Microdial has same 
O.D. as Micropot . . . requires no more 
CLEAR READING ... Forced fast- 
reading tests showed only 1/20th as 
dow as with next most legible dial. 
Turn counter distinguishes between 0 
and 10 turn readings, and accelerates 
to avoid confusion on readings near 
made from larger dial with maximum 
separation of graduations and wide 
CONVENIENT. . . delivered com- 
pletely assembled with dials syn- 
chronized. Easily mounted in a few 


Microdial . . . turn-counting dial, primarily designed for 
use on Micropot ten turn linear potentiometers... use 
it on any multiturn device having ten turns of less. 


ATOMIC POWER 

Position open for engineer, having at least a BS degree in 
electrical engineering and in addition having several years 
of practical experience in the development and design of 
instrumentation and servomechanisms. A thorough knowl- 
edge of electronic regulating systems, amplifiers, and simu- 
lators is also a requirement. The work is related to the 
development of regulating devices and instrumentation for 
control of a nuclear power plant. Location, suburb of Pitts- 
burgh, Pennsylvania. For application write 

Manager, Technical Employment 

Westinghouse Electric Corporation 

306 Fourth Avenue, Pittsburgh 30, Pa. 


N 
F/C PNEUMATIC TRANSMITTER 


W AVAILABLE MATERIALS 


IDEAL FOR MEASUREMENT 
OF—LEVEL—FLOW ; NLESS 
PRESSURE—SPECIFIC 


GRAVITY—DIFFERENTIAL 
PRESSURE ASTELLOY 


MONEL 


™ 


Non-overloading type diaphragm—Extreme accuracy. Available for high and low pressures. 
Write for Bulletin 


INSTRUMENTS, INC. 


TULSA OKLA. 
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Compact 


dependable instruments 


Portable 
OSCILLOGRAPH . 
Recorder 


Designed and developed for applica- * 
tions where a minimum of space and 
weight are required. Small size...6%” ‘ 
x 94x 12%". Lightweight...33 lbs. Ver- 

satility of operation...for the recording ~~, Type A 500 
of strain, vibration, displacement, ac- _ 


celeration, pressure and temperature. BUY 9%'x 1 234" 


The Heiland A 500 Portable 

Oscillograph Recorder has many features found only in larger instruments... 
easy loading...four quick-change paper speeds...trace identification...simultaneous 
viewing and recording...zero mirror...film movement indicator...up to 12 channels. 


12 channel 


Write for complete detailed information 


HEILAND RESEARCH CORPORATION. 


135 E. Fifth Avenue Denver, Colorado 


is definite. 25 or 60-cps. cur 
identified positively. Tester emp 
neon tubes mounted in barrel of 
One lamp glows on 120 v., t) 
240 v. and three on 480 v. ¢i 
Fourth glows on 600 v. circuit 
indicates an abnormal secondary) 
age such as a cross with prima: 
cuit.—The Elwood Co., 410 W. § 
St., Buffalo 2, N.Y. 
Mention No. 646 when filling out ¢ ed, 


Oscillosynchroscope 


New “Model ON-5”  oscillosyiichyo. 
scope, designed to provide wide-band 
amplifier and versatile sweep facili. 
ties in single portable unit. is parti. 
cularly suited to study of pulse ani 
transient phenomena. Vertical ampli. 
fier response is flat within 3 db. fron 


| 5 eyeles to 5 me. Horizontal amplifiey 


is direct-coupled with high frequenc 


response extending to 500 ke. Swee 
| generator may be triggered on re- 


now you can assemble your own 


Measuring 
systems 


for us2 in applications such as dyna- 
mometers, industrial weighing, strength 
of structures, jet engine thrust, and 
countless other force-measuring prob- 
lems. Illustrated is the famous Emery 
Hydraulic Cell, basic unit of Emery 
hydraulic testing and force-measuring 
systems. 


All components are simply construct- 
ed, but rugged; they are compact in 
size, extremely sensitive and accu- 
rate. Easy to mount and use. Send 
for complete literature and prices; 
also our engineers will be pleased to 
discuss your force-measurement prob- 
lems and make recommendations. 
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current with direct-reading writing- 
rate calibration for any internal swee; 
condition. Triggered sweep speeds fron 
1.0 to 25000 microseconds per inch an 
recurrent sweeps of 10 to 100 ke. ar 
available. An adjustable  calibratior 
voltage may be used for determinatio: 
of vertical defiection voltage ampli 
tudes. Either d.c. or a.c. connectior 
may be made to all deflection elec- 
trodes. Also provided is a panel con- 
nection to CR tube cathode for exter- 
nal beam modulation. Height 144 
inches; weight 50 lbs.—Browning La! 
eratories, Inc., Winchester, Mass. 
Mention No. 647 when filling out card. 


Multi-purpose Electrical 
Tester 


New “Type EX-1C” electrical test: 
is designed for use with equipment 
operating in 25-50, 72-76 and 148-17! 
Me. bands to align sensitive land-mo- 
bile communication receivers which 1 


< 
| 
5 xs 
‘ 
| 
line of hy 
«sion an dcr 
%y eadicators: an | 


Yichro- 
de-hand 

facili. 
Parti. 
Ise and 
ampli. 


b. fron 


mplifier 


Swee} 
ym re- 
riting- 
sweey 
s fron 
*h an 
Cc. are 
ratior 
natior 


al 


teste 
pment 
[8-174 
d-mo- 


LEVEL 
INDICATOR Operated 


YOU 
ACTUALLY 


SEE 


the levels on 
this new 

ILLUMINATED 

direct-reading 


dial 
Model 240 


The moving red column shows 
every dip and rise in levels clearly, 
at a great distance. For sensitive 
and accurate reading of levels in 
Tanks, Boilers, Towers or for indi- 
cating valve loading position. 


Operates from any 3-15 Ib. trans- 
mitter. A precision instrument of 
many uses. 


“Drawer” 
type unit 
makes it easy 
to remove 
entire mech- 
anism. 


Receivers may be equipped with 
positive “high” and “low” level 
mercury alarm switches adjustable 
throughout the range. Warning 
horn and signal lights may be 
operated by standard PANALARM 
annunciator unit in receiver, as 
added protection. 


Receivers can be arranged for flush 
panel mounting in any multiples. 
Strip type dial design conserves 
panel space. Easy to install — easy 
to pipe and wire. 
Bulletin 240 is now available. 
Write for it today. 


ALARM PRODUCTS 
A Division of PANELLIT INC. 
218 N. Clark St., Chicago 26, Ill. 


| quire a very weak signal. 
diode pickup head permits compara- 


A crystal- | 


tive measurement of antenna-power | 


output. Instrument contains 

range of current and voltage scales as 

well as a resistance scale. Complete 

test unit includes basic instrument, 

crystal-diode pickup, head-phone plug 

test lead, and RF interconnecting lead. 
| —Commercial Equipment Div., General 
| Electric Co., Syracuse, N. Y. 

Mention No. 648 when filling out card. 


Frequency Calibrator 


a full | 


New “Model 111 crystal calibrator” | 


was designed for frequency calibration 
in range of 250 ke. to 1000 Me. Ac- 
curacy is 0.001 percent. Unit has self- 


contained receiver with a_ sensitivity 
of 2 microwatts. A new circuit ar- 
rangement utilizes cross-modulation 
products of three separate oscillators 
operating at fundamental frequencies 
of 0.25, 1.0 and 10 Me.—Measurements 
Corp., Boonton, N. J. 


Mention No. 649 when filling out card. 


Portable Electrical 
Instruments 


New “P-12” line of portable elec- 
trical instruments, rated in two-per- 
cent-accuracy class, utilizes both mov- 
ing-iron and permanent-magnet 
ing-coil mechanisms. 


from 20 microamps. to 50 amp. d.c., 
and from 5 ma. to 50 amp. a.c. D-c. 
voltages range from 10 mv. to 800 v., 
with a-c. ranges from 1.5 to 300 v. Ree- 
tifier milliammeters range from 0.5 to 
10 ma., and rectifier voltmeters from 
2 to 800 v. All units are magnetically 
shielded.—Westinghouse Electric Corp., 
P. O. Box 2099, Pittsburgh 30, Pa. 
Mention No. 650 when filling out card. 


Feeder Voltage Regulators 


New design and construction features 
of maker’s “AFR” step feeder-voltage 
| regulators are: in easier inspection of 


mov- | 
Ammeters range | 


For DELICATE 


Sol 
| 


HEATING— 
no waiting 

FLEXITIP— 
easily formed. 


LONG REACH 


SOLDERLITE— 
spotlights 


the work 

SUILT-IN 
TRANS- 

FORMER 

DUAL HEAT— 

Single heat 100 

wotts, dual heat 
100/135 wotts; 

115 volts, 60 
cycles 


For light, delicate operations, where 
precision heat-control is essential— 
rely on your 4" Weller Soldering 
Gun. Pliable FLEXITIP slips easily into 
“ticklish” spots. Automatic heat—on 
in 5 seconds, off when you release 
trigger—speeds soldering, prevents 
burning, and enables you to adjust 
tip temperature to suit job. Perfect 
balance and handy pistol grip give 
comfort and control. 

For faster, safer instrument solder- 
ing, order Weller Gun type S-107 
single heat or D-207 dual heat from 
your dealer—or write for catalog 
direct. 


Be Sure To Get Your 
Copy— SOLDERING 
TIPS, the new Weller 
Handy Guide toeasier, 
faster soldering — 20 
pages fully illustrated. 
Price 10c¢ at your dis- 
tributor's or order 
direct. 


WELLE R 


800 Packer Street « Easton, Pa. 
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A Compact Analog Instrument 
that GROWS with 
Your Computing Needs 


Private laboratories, educational institutions, and public re- 
search establishments can well afford the benefits of an ultra- 
modern GAP/R Computor. This “building-block” computor, 
— by authorities to be a superior tool of study and 

» Operates aut lly at efectronic speeds, with 
no moving + provides you with flexible and basically 
useful equipment “which may be expanded indefinitely merely 
by adding standard GAP/R Components. 


GAP/R 
BASIC 


COMPUTOR 
ASSEMBLY 


SPECIFICATIONS 


Components: Regulated Power Supply, Central Chassis, Plug 
Panel, Rack and Accessories, 12 K3 Components (5 K3-C 
Coefficient Components, 3 K3-A Adding Components, 
3 K3-J Integrating Components, 1 K3-L Unit-lag Com 
ponent). 

Excitation: Compound square-wave based on 0.004-second 
intervals. Connections provided for other forms uf excitation... 

Presentation: Recurrent solutions for all variables, via one 
or more oscilloscopes (not supplied), plotted against time 
or against one another. 

Accuracy: Resolution for time and voltage 0.1%; Parametric 
Precision 1%. 

Power Supply: 110v, 60 cycles, 500 watts. 

Basic Computor Assembly, FOB Factory — $4200.00 


Typical GAP/R 
Computor Component 
Employed for the direct adjustment of local sensitivity in 


analog assemblies. Outputs are plus and minus the input signal 
multiplied by the numerical dial setting (0-100). 


Model K3-C Coefficient Component 
Limit indicator 


Identifying letter Cast aluminum case 


Special scale 
(central value unity) 


Positive output signal jack 


Input signal k 


Negative output signal jack 


This component is one of a dozen similar types which are 
available from stock. Each performs a_ specific dynamic or 
mathematical operation, and is specially engineered to play its 
part most eficiently in any computing asvemb plage. Convenient 
to use, economical to buy, and of wide applicability, our GAP/R 
Analog Computor Components are now assisting study and de- 
velopment programs in many different fields. Is it not probable 
they can help you too? 


Send your computing plans and problems to us 
for recommendations. 


GEORGE A. PHILBRICK RESEARCHES, INC. 
230 Congress St., Boston, Mass. 


ANALOG COMELTORS FOR RESEARCH & DESIGN 
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mechanism and transformer, improved 
bushing arrangement, synthetic-gasket 
seal, band-width adjustment, and syn- 
thetic flame-proof wire, along with 
several other improvements.—Allis 
Chalmers Mfg. Co., 942 S. 70th St., 
Milwaukee, Wis. 
Mention No, 651 when filling out card. 


Miniature Transformers 


New “Type SSO” transformer’s di- 
mensions are 0.4 by 0.75 by 0.56 in.; 
weight 0.28 oz. Five stock types cover 
input, interstage, output and reactor 


Molded-nylon bobbin and 
insulation are used. 
impregnated.— 
150 Varick 


applications. 
non-hygroscopic 
Units are vacuum 
United Transformer Co., 
St., New York 18, N. Y. 

Mention No. 652 when filling out card. 


Timer Relays 


New models of maker’s timer-relays 
are improved not only through use of 


| 


specially prepared mercury but through 
a new ceramic which is little affected 
by mercury are.—Durakool, Inc., Elk- 
hart, Ind. 

Mention No. 653 when filling out card. 


Audible-signal 
Darkroom Timer 


New “Type T-68” timer has a range 
of 0 to 40 minutes, and signals end of 
timing period with an electric buzzer. 
Contacts handle loads up to 1200 watts. 


Grey-plastic case has mounting holes 
provided in back. Anodized-aluminum 
pointers are resistant to acid and al- 
kali. Timer has automatic reset.—Gen- 
eral Electric Co., Schenectady 5, N. Y. 
Mention No, 654 when filling out card. 


Timing Motors 


New “4400 Series” timing moo; 
extra slow, available in standard eeds 
of 6, 8, 12 hours, 1 day and 1 we: « per 


revolution. Non-standard speeds ar 
available on quantity orders in range: 
of 5, 9, 10, 15, 16, 30, 32 and 36 hours, 
and 2, 4, 10 and 30 days per revolution 
—Haydon Mfg. Co., Inc., Torringto; 
Conn. 


Mention No. 655 when filling out card. 


Speed-control System 


New “Fra-Sure” variable-speed 
transmissions consist of a double. 
grooved pulley on a floating type jack. 
shaft with one groove driven by moto: 


and other driving machine with two 
A-section V belts. Drives are for frac- 
tional-horsepower motors.—Frazier & 
Sons, 338 Cortlandt St., Belleville, N 
Mention No. 656 when filling out card. 


Automatic Timer 


New “No. 86” double-pole timer is 
operated with spring-powered clock 
movement. It is supplied in timing 
ranges of 30 minutes, one hour, two, 


and twelve hours. Contacts are rated 
at 15 amp., 125 v., and 10 amp., 250 v 
with relay available for higher capac: 
ities—Walser Automatic Timer Corp 
Graybar Bldg., New York 17, N.Y. 


Mention No. 657 when filling out card. 


Hermetically-sealed Timers 


New hermetically-sealed enclosures, 
now furnished for maker’s timers, ar‘ 
evacuated to 100 microns and filled t 
one atmosphere with dry nitrogen s 
that full switch ratings can be used 


machi 
sizes 

nume 
rior ¢ 
layou 
engra 
of ne 
cover 
kind.’ 
ersit 


Mer 


He: 


if 
j opera 
trace! 
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contact capacity is normally reduced. 
Deterioration of motor brushes is said 
to be completely eliminated.—A. W. 


= are Be Haydon Co., Waterbury, Conn. 
ranges 
ae Mention No. 658 when filling out card. 
olution 
“ingtor 
Engraving Machines 
New industrial engraving machines, 

especially designed for quick and easy 
n operation by unskilled labor, work on 
“speed itracer-guided principle whereby a 
double. |e grooved master template is traced and 
e jack- 
Motor 


h tw 

r frac- 

rier & 

card. 
machine reproduces in many adjustable 
sizes any kind of design, wording, 
numerals, ete.; also suitable for inte- 

ner is JB ‘ior contour milling, profiling, slotting, 


clock ‘avout work, ete. It is claimed that 

timing MB engraving area covered in one set-up 

, two, ME of new engraver is “larger than that 
covered by any other machine of its 
kind.”"—-New Hermes, Inc., 13-19 Uni- 
versity Place, New York 3, N.Y. 


Mention No. 659 when filling out card. 


| Hermetically-sealed Relays 


New hermetically-sealed relays are 
available in four standard aluminum 
container types: Lug Header Type, 


rated 
250 v 
apac- 
‘orp 
ard. 


lers 
sures, 
are 
ed t 


used 


even at extremely high altitudes where | 


NOW .... determine Events-Per-Unit-Time* automatically with 
a single, compact direct-reading instrument! 


Any physical, electrical or optical 
events of unknown occurrence 
rate that can be translated into 
changing voltages can be accu- 
rately counted during a precisely- 
measured time interval of one 
second. (Time base other than one 
second can be provided.) 

In frequency measurements, for 


example, each cycle occurring dur- 
ing the accurately timed one- 
second interval is individually 
counted and the total displayed in 
direct-reading numerals on_ the 
illuminated front panel. Maxi- 
mum counting rate is 100,000 
per second; accuracy is +1 event 
regardless of rate. 


Send for bulletin IN-650 for full, detailed description. 


DETECTORS 


find leaks quickly 


With G-E leak detectors you 
can easily locate even the small- 
est leaks in closed systems. De- 
tectors are ideal for locating 
leaks in installed equipment or 
in the products you make. 

Use the Type H detector for 
pressure systems, the Type M 
for evacuated systems.* Write 
for Bulletin GEC-233 (Type H) 
or for GEC-336 (Type M). Ad- 
dress Apparatus Dept., CC687-21, 
| General Electric Co., Schenectady 

5, New York. 

*If the system is filled with combustible 
gas, write for special application in- 
formation. 


GENERAL ELECTRIC 


TELEMETERING SIGNALS 


(up to 40 ke.) 


Almost overnight Ampex Magnetic 
Tape Recorders revolutionized 
radio network broadcasting. Ampex 
succeeded in this most critical serv- 
ice because of simple and depend- 
able operation, plus a tone quality 
that is unequalled. Ampex is now 
available in several models for a 
wide range of requirements. In- 
quiries for special instrumentation 
ond industrial control application 
promptly answered 


@ MODEL 300-C $1575 
e@ VU METER PANEL 


(EXTRA) $105 5, 
andard units 
(F.0.B. San Carlos) yw? have dual- 
speed recording: 
7%-15 or 15- 


=" MAGNETIC TAPE RECORDER 


“STANDARD OF THE GREAT RADIO SHOWS” 


eae Get FREE BOOKLET today! 
| AMPEX ELECTRIC CORP., San Carlos, California 


Without obligation please send |6-page illustrated 
booklet containing technical specifications of Ampex 
Mognetic Tape Recorders 


NAME 

ADDRESS. 

STATE 

Our need is for: Telemetering 


Laboratory Research 
} Multi-Channel Recording 
Recording-Broadcasting 
Distributed by . . . 
BING CROSBY ENTERPRISES 
AUDIO & VIDEO PRODUCTS 


industrial Recording 
Aerophysical Research 


(Hollywood) 
CORP. (New York City! 

GRAYBAR ELECTRIC COMPANY (Everywhere) 
EXPORT: WESTREX (New York City) 
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ELECTRONIC 


RELAY 


FEATURES 


SENSITIVE — Relay action initi- 
oated by external contact as 
high as ONE HALF MEGOHM 
with current as low as 1/10000 
ampere. 

LOW COST — Electronic sensi- 
tivity and features at a cost 
comparable to ordinary relays. 


SMALL SIZE — Mounts on a 
standard 4 inch electrical con- 
nector box. 


DEPENDABLE — Simplified cir- 
cvit plus silver relay contacts 
assures long service life. 


ECONOMICAL — No tube fila- 
ments to consume power during 
“OFF” cycle. 


VERSATILE — High contact pres- 
sure on silver contacts allows 
conservative rating of four (4) 
amperes, with a choice of either 
opening or closing a circuit, or 
to simultaneously open one and 
close another. 


AUTOMATIC HOLD CIRCUIT — 
Connecting terminals provide a 
choice of conventional relay ac- 
tion, or allow a momentary 
contact to energize relay and 
cause it to automatically remain 
energized until manually reset 
by ‘Reset’ switch, 


APPLICATIONS 


LIQUID LEVEL CONTROLS 
SAFETY ALARMS 

STOP MOTIONS 

DROP WIRE DETECTION 


4 products co 
4 Godwin Ave. Paterson, N. 
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replacement. 

Lens is 1.5 in. dia. 

by 2.5 by 5 in.—General Electric Co., 
| Schenectady 5, N. Y. 


Army-Navy Connector Type, Octal 
Plug Type, and Screw Terminal Type 
(illustrated); also in a wide variety 
of contact combinations and operating 
voltage ranges. It is said that through 
development of a new method of seal- 
ing, weight of new units is far less than 
those previously offered to industry. 
—Guardian Elec. Mfg. Co., 1621 
Walnut St., Chicago 12, Til. 


Mention No. 660 when filling out card. 


Gamma-ray Detector 


New “Model 939 Scintillometer” gam- 
ma ray detector employs scintillation 
principle, and provides a_ detection 
sensitivity over 100 times that obtain- 


| able by conventional portable Geiger 


Counters. Instrument will operate con- 


tinuously between -20F. and 110F., 


with a relative humidity of 95 percent. 


Unit is housed in a weather-proof alu- 


minum-alloy case, 3.5 by 11 by 13 in. 
and is supplied complete with batteries, 
canvas carrying case and strap.—Hal- 


ross Instruments Corp., Ltd., 171 Garry 


St., Winnipeg, Canada. 


Mention No. 661 when filling out card. 


Light Sources for 
Photoelectric Relays 


New light sources for photoelectric 


relays have snap covers for fast lamp 


Lamps are prefocussed. 


Dimensions are 7 


Mention No, 662 when filling out card. 


Fluid-pressure Boosters 


New line of fluid-pressure boosters 


have operating speeds from 30 to 450 
strokes per minute. 
lustrated on 
| spring-return air-operated, and ‘“Mod- 


“Model B-2” il- 


right is single-acting 


el B- 
oil-type that will save up to 95 percen 
of fluid used. Output pressures de. 
veloped range up to 10,000 psi.—™). 
ler Motor Co., 4027 N. Kedzie Ave. 
Chicago 18, Ill. 

Mention No. 663 when filling out card. 


Adjusting Knob with 
Turn-counting Dial 
New “Microdial” is composed of tw 
concentrically-mounted dials for count. 
ing turns up to ten and increments o/ 
each turn, giving indication to 1 pan 
in 1000. Turn-counting dial speeds up 


as incremental dial passes from on 
turn to next to eliminate confusion in 
readings close to integral turns. !t 
also distinguishes between tenth turn 
and zero point. Dial requires 1.75 in 
dia. of panel space.—Gibbs Div., Tl 
George W. Borg Corp., Delavan, Wis 

Mention No. 664 when filling out card. 


Relay Assembly 


New “MT” hermetically-sealed tele- 
phone type relay with steel enclosur 
measures 1 by 1.688 by 2.156 in. Di- 
mensions of unhoused relay are 0.688 
by 1.5 by 1.3875 in. “M” enclosure, il- 


lustrated, will accommodate relay wit! 
maximum contact stack and can lk 
fitted with all headers except stand- 
ard octal plug. “K” enclosure, not il- 
lustrated, will take any “MT” o! 
maker’s “KR” series with any heade! 
including standard octal plug. Her- 
metically-sealed relays are desiccate( 
at high temperature and sealed in on 
atmosphere of nitrogen, eliminating 
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Low Temperature Soldering MEASURE, 
Problem Solved! 
CERROSEAL-35 Flows at 260° 


EXPLOSION, GAS 
Manufacturer's Problem: To join two pieces of metal, one 
Thermoplastic of which is bonded to a OR HYDRAULIC 
thermoplastic which must 


not be distorted by heat sv 


Matel Strip Ordinary solders not satis- PRESSURE ‘a 


RECORD 


Metal Soldered to Metof factory or practical. 
percent [eq The Solution: Extremely low-melting CERROSEAL-35, flow- ° 
res de. 29 ing at 260° F. Solders parts perfectly without harm to : ... in Jet or Internal Combustion Engines, . 
.—Mil- plastic. e Compressors, Injection Pumps, Pipe Lines 
Ave, Unequalled accuracy and versatility are provided by the 
e Cerroseal-35 was originally developed for @ new Electro Pressuregraph for measuring and recording @ 
card, use in making vacuum seals in laboratory ap- 4 pressure-time studies of dynamic, static and transient pres- : 
paratus between glass and metal tubing, has @ sure phenomena. Used by leading firms and universities, the 
been proven invaluable for soldering metal to @ Electro Pressuregraph has proved its superiority in a wide @ 
+h metal where the absolute minimum of heat ap- : range of laboratory, production-line and field applications. r 
] plied and ease of application are essential. e EXCLUSIVE PATENTED FEATURES : | 
. Wide Range: Full scale readings from a few ounces to ove e | 
0,00 e x e with the twelve pick-up aphragms. j 
1 part 3 Simple Installation: Only requires a threaded hole in region : Pa 
eds up Sample and pe where pressure is to be checked. e Cf 
P jo ™ e Three Information Channels on the same diagram when used @ ~ 
instructions o Reg. Trademark @ with the Syncro-marker: 1. Pressure curve. 2. Top or bottom @ Gy 
request. @ dead-center points. 3. Choice of time or angular rotation markers. e Cc j 
4 New Catalog with List of Proved Applications Available 7 = 
e e 
| CERRO de PASCO Copper Corporation| 
| Dept. 18 e 40 Wall Street ¢ New York 5, N. Y. Makers of Precision Electronic Instruments C j 
; ELECTRO PRODUCTS LABORATORIES 4503-PG Ravenswood Ave., Chicago 40 = 
: 
=z} 
m on bel 
ion Just published 
ee 
TROUBLE FREE” 
1 turn ” 
HEAT INERTIA 
IN PROBLEMS OF 
ard 4 Lj 
| AUTOMATIC CONTROL | = 
tele OF TEMPERATURE | 
ae and DIAL THERMOMETERS 
By BROIDA Constant Temperature Regulation for 
q Sonsulting Engineer an 
re, il Pp é t ‘alist * HOT WATER TANKS PASTEURIZERS PRE-HEATERS 
* STORAGE ROOMS * VATS PLATING TANKS 
j PARIS, FRANCE ¢ COOKERS * FEED WATER HEATERS * WATER JACKETS 
3 . , _— Cut your processing costs to a new low with the Trerice Self-Operating 
| A new treatment, based on the concept Regulator. This dependable, experience-proven 
of the ‘‘fictitious mass’ of the heat- regulator provides trouble-free control. . . 
was eliminates over-heating! Saves you steam, fuel 
process unit under automatic control. ond labor while affording improved “quolity 
control” over your product. Your low, Initial 
Mathematical? Of course, but Dr. Broida’s investment in the Trerice Self-Operating Regu- 


lator ond its companion piece, the Trerice Dial 
Thermometer, will be repaid many times over 
during their first year of service. 


method can be mastered by anyone who has 
taken first-year differential equations. Many 
users have found it as handy as if they had 
the ENIAC at their disposal. 


| 
| 


9 Stiff paper, 5'4 x 8% inches, 64 pages — 

nm be 

ot Payment Inust accompany order H TR E C E Cc Oo. SINCE 1923 

eade! , 1420 W. Lafayette Bivd. © Detroit 16, Michigan 
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HEISE GAUGES 


The of Heise Bourdon tube pressure 
gauges are absolutely concentric with the pointer ~ 
| rotation. Errors due to misalignment in mount- 
= ing or cutting the scales are avoided since the 


scales: are cut from their centers, ahd are mount- 
ed at the centers. on a hollow spindle through 
which the pointer rotates. 
Three sizes: 81% in. 12 in. and 16 in., in 
ranges from 0-15 to 0-10,000 psi. Prices from 
$151.60 to $211.20. Write for catalog. 


Heise Bourdon Tube Company, Inc 
Newtown, Connecticut 


HELLIGE 


HARDNESS | | TURBIDIMETER 
TESTING... | | 2 


done WITH NO MENTAL 
HAZARDS. The SCLERO- 
SCOPE has done it for the 
past 42 years. 


A TURBIDIMETER 
WITHOUT STANDARDS 


Accurate + Foolproof Universal 


In general use 
for specification 
purposes. Sim- 
ple, sturdy. 
Comparatively 
inexpensive. 


Mlustrated 


bulletins 


free 


The Shore Instrument 
& Mfg. Co., Inc. 


90-35 Van Wyck Expressway 
Jamaica 2, N. Y. 


WRITE FOR CATALOG No. 8000 


HELLIGE 


INCORPORATED 
3716 NORTHERN BLVD. LONG ISLAND CITY 1, N.Y. 
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oxidation and reducing contact a: ing, 
Contacts are of any arrangement Dp to 
16 springs (8 per stack) with a imi 
of six movable poles. Unit is ava abje 
with windings from a fraction «° ap 
ohm to 22,000 ohms for operatic up 
to 230 v. a.c. or dic. Minimum op» rat. 
ing power is 0.050 watts per pole 
Maximum coil power for unenc osed 
unit is four watts.—Potter & Bey. 
field, 265 N. Main St., Princeton, 
ana. 


Mention No. 665 when filling out ca+d, 


Sensitive Relay 


New sensitive relay operates when 
contact is made in any circuit having 
resistance up to 1 megohm. Maximum 
current through contact circuit is of 


the order of microamperes. Contacts 
may n-o., n-c., or both, and will 
handle up to 4 amps. depending on 
voltage and inductance. Relay may be 
furnished with seal and reset. Unit 
mounts on standard 4-in. electrical-con- 
nection box.—Servo-Tek Products Co., 
4 Godwin Ave., Paterson 1, N. J. 


Mention No. 666 when filling out card. 


Precision Switch 


New “Type MXT-1-Z131” leaf-actu- 
ated snap-acting precision switch has 
screw adjustment on actuator permit- 


ting operating point to be set at ex- 
actly the correct position after instal- 
lation —Unimax Switch Div., W. L. 
Maxson ag! 460 W. 34th St., Neu 
York 1, N.Y. 


Mention No. 667 when filling out card. 


CORRECTION 

New “Dyna-Cath” apparatus (page 
474 of our May issue). The manufac: 
turers, Eberbach & Sons Co., Ann 
Arbor, Mich., call our attention to the 
fact that our brief description implied 
too much by using the term “polaro- 
graphic analyzer.”” They remind us that 
the name “Polarograph” is a_trade- 
mark name owned by E. H. Sargent Co 
They point out that the “Dyna-Cath’ 
is “a simpler apparatus designed for 
the separation of metals dissolved in an 
electrolyte.” 
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‘The Buffalo Exhibit 


OR WHAT specific purposes do in- 

strument men and other interested 
and influential individuals visit the Na- 
tional Instrument Exhibits? We have 
accumulated definite data to answer 
this question. Following the St. Louis 
Exhibit, a questionnaire was sent to 
each individual who attended the Ex- 
hibit. Approximately 50 percent re- 
plied. An analysis of the replies showed 
that 40 percent attended for reasons 
of general interest, and to learn more 
about the instruments used in connec- 
tion with their occupation. 24 percent 
attended to make a check-up on new 
instruments and developments in the 


| field of instrumentation. 17 percent at- 


tended in search of particular informa- 
tion for the solution of a problem, and 
for comparison of the products of dif- 
ferent manufacturers. That the visi- 
tors did obtain the answers and infor- 
mation that they came for, is shown 
by these percentages: 37 percent re- 
plied that they had received specific 
answers and information. 22 percent 
replied that they were partially satis- 
received. 
Only 2.1 percent replied that they had 
not received the information they came 
for. These are impressive figures. 

Personal experience has of course 
proven to all who have attended Na- 
tional Instrument Exhibits that the 
week of the Exhibit offers the one 
great opportunity of the year for in- 
strument men to learn more about their 
chosen field by seeing the new, by ob- 
taining solutions to their problems, by 
trading opinions and experience and by 
renewing old friendships and finding 
new friends. 

The all-out efforts made by the ex- 
hibiting manufacturers that resulted in 
making the above analysis of replies 
s0 satisfactory cannot be too highly 
praised. 

Again in Buffalo this September 
many leading manufacturers will outdo 
themselves to display their instruments 
and accessories for study by the visi- 
tors. Their best engineers will be avail- 
able to explain fully the applications 
and operations of the instruments ex- 
hibited and to answer questions. 

It is worthy of note that at no pre- 
vious Instrument Exhibit has a higher 
percentage of the available booth space 
been sold at such an early date. One 
hundred and fifty three booths have 
been reserved to date. Following is a 
list of the Buffalo Exhibitors. 

Only twelve booths remain open. If 
you have a manufacturing friend who 
is not an exhibitor, bring this fact to 
his attention. With your help we will 
be able to announce in the next issue 


1.S.A. National Office, 921 Ridge Ave., Pittsburgh 12, Penna. 
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of the Journal that the Show is a SELL- 
OUT—no space open. 


List of Exhibitors 


As of May 25, 1950 

COMPANY BootH 
Aircraft Marine Products, Inc. 413 
American Institute of Elee. Engrs. ...... 327 
American Institute of Physics 108 
American Instrument Co 440, 442 
American Meter Co. ... 4 611, 513, 515 
Assembly Products, Ine. ......... 222 
Automatic Temperature Control Co. 331 
Bacharach Industrial Instrument Co. 325 
Baird Associates Inc 225 
Barber Colman Co. a 414 
Barton Instrument Co 206 
Beckman Ine., Arnold 0. 234, 236, 238 
Biddle Co., James G. ... d 239 
Brabender Corp. 316 

Bridgeport Thermostat Div., Robertshaw 
Fulton Controls Co . 228 
Brooks Rotameter Co. . ...428, 425 
Brush Development Co. . , 415, 417 
Buffalo Meter Co. 
Burgess Battery Co. : 318 
Century Geophysical Corp ‘ 118 
Chemiquip Co . 436 


Climax Control Div., Black, 
Bryson, Ine. 2 
Conoflow Corp. ; 439, 

Consolidated Engineering Corp 1 
Continental Equipment Co 
Corry Instrument Co 22 
Cramer Co., R. W. ; 45 
Daven Co. 32 
Davis Instrument Div 


Sivalls & 


Davis Emergency Equipment Co 210 
DeZurik Shower Co a . 204 
Diamond Power Specialty Co 334 
Eagle Signal Corp : 410 
Electric Auto-Lite Co j 116 
Emery Co., A. H. 336 
Fischer & Porter Co : 101, 1038, 105 
Fisher Governor Co 429, 431, 433 
Fredric Flader, Ine. 416 
Fulton Sylphon Div., Robertshaw Fulton 

Controls Co. an 37, 339, 341 
General Electric Co. 301 O03. 305 
Giannini & Co., G. M ; 338 
Gotham Div., American Machine & Metals 

340, 342 
Gow-Mae Co, 4106 
Hammel-Dahl Co 501-5038 
Hankison Corp. 312 
Haydon Co., A. W 110 
Hays Corp 112, 114 
Heise Bourdon Tube Co ; 336 
Helicoid Gage Div., 

American Chain & Cable Co 411 
Helipot Corp. ees 234, 236, 2% 


Hills MeCanna Co. : 
Holtzer Cabot Electric Co 
Illinois Testing Labs., Ine 
Imperial Brass Mfg. Co 
Industrial Electronics Ine 
Industrial Instruments Ine 
Institute of Radio Engrs 
Instrument Development Labs 412 
Instruments Inc s14 


NO. 6 


Instruments Publishing Co 
J-B-T Instruments Ine. 
M. S. Jacobs & Assoc., Ine. 212, 
Jerguson Gage & Valve Co 
Kay Electric Co. ... 
Kieley & Mueller, Ine ; ‘ 407, 
Lapp Insulator Co. 
Leslie Co. ... ; 122, 
Ine 

Marion Electrical Ins strument Co 


Mason Neilan Regulator Co. 415, 420, 
MeAlear Mfg. Co 
Meriam Instrument Co 
Milton Roy Co. .. : 235 
Mine Safety Appliances Co = .302, 304 
Miniature Precision Bearings, Ine 117 
Moore Products Co 435, 437 
Nash Engineering Co ....--401, 403 
National Technical Labs. ...234, 236, 238 
Nestor Engineering Co ; 324 
New Hermes Engraving Mach Corp 224 
Palmer Thermometers Ine : 319, 321 
Panellit Ine , ...201, 203, 205 
Penberthy Injector Co 
Penn Industrial Tastroiment Corp 221 
Permutit Co 226 
Photoswitch Ine. . ; 811, 313 
Physicists Research Co 121, 1238, 125 
Precision Thermometer & Inst. Co 202 
Proportioneers Ine . 218 
R-S Products Corp. 419, 421 
Rochester Mfg. Co ‘ 424 
Rockwell Mfg. Co 408 
Sanborn Co : . 216 
Servo Corp. of America . 402 
Shand & Jurs Co 323 
Sharples Corp. é 509 
Standard Electric Time Co $35 
Sticht Co., Ine., Herman H 322 
Streeter Amet Co 320 
Superior Tube Co 115 
Taber Instrument Corp . 326 
Telechron Ine 119 
Trerice Co., H. O 220 
Trimount Instrument Co 208 
Uehling Instrument Co 507 
U. S. Gage Div., American Mach. & Metals 

Ine $40, 342 
Vapor Recovery Systems Co 329 
Veeder-Root, Inc 505 
Wallace & Tiernan Products, Inc 307 
Weatherhead Co 130, 332 
Welch Mfg. Co., W. M 232 
Welwyn Electronic Components, Ine 306 
Weston Electrical Instrument Co 227, 229 
Wheelco Instruments Co 217 
Yarnall Waring Co 132 


Central New York Section 


On May 15 the ISA Executive Com- 
mittee voted favorably on the charter 
application of the Central New York 
Section ISA. A most hearty welcome is 
extended to the members of this new 
group, the fifty-second such group to 
be granted a Section charter. Secre- 
tary of the Section is Mr. Karl W. 
Robertson, Minneapolis-Honeywell Reg. 
Co., 121 W. Onondaga St., Syracuse 

N. Y 
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If you plan to attend the Fifth Na- 
tional Instrument Conference and Ex- 
hibit to be held in the Memorial Audi- 
torium in Buffalo from September 18 
through the 22, 1950, and have not 
yet made your Hotel reservations, we 
urge you to consult the map and Hotel 
list shown on this page and make your 
reservations without delay. 

It should be kept in mind that Buffalo is a 
Vacation City owing to its location on the Great 
Lakes and its proximity to Niagara Falls and 
Canada and that all hotels are generally filled to 
capacity during the period of the Exhibit. 

Write directly to the Hotel of your 
choice and be sure to specify that you 
are visiting Buffalo to attend the In- 
strument Conference and Exhibit, and 
your requests will receive special con- 
sideration. For further information on 
accommodations write to the Buffalo 
Convention and Tourist Bureau, 602 
Genesee Building, Buffalo 2, New York. 
Hotels recommended by the Bureau 
are: 

HOTEL BUFFALO: Washington and 
Swan (map, 1) Tel: WA-4560. Singles 
$3.00 up; Doubles $5.50 up; Twins 
$6.50 up. Every room with bath, free 
radio and circulating ice water. 

HOTEL GRAYSTONE: Johnson Park at 
Delaware Ave. (map, 2) Tel: CL- 
4700. Singles $2.25 up, connecting 
bath; with bath $3.00 up; Doubles 
$3.50 up, connecting bath; Twins $5.50 
and $6.00. 


LETTER OF WELCOME 


vesylhing for a 


CONVENTION AND TOURIST BUREAS, INC...602 GENESEE BUILDING | 


The Instmiment Society of America 
921 Ridge Avenue 

Pittsburgh 12 
Pennsylvania 


wntlesen: 


Purfalo bids a most cordial welcome to the Sth National 
Instrument Conference and Exhibit. We are rrateful and happy that 
you have honored us by selecting our city 
to make your stay here both pleasant 


we will endeavor, in every way, 


and profitable. 


Puffalo promises you a never-to-be-forrotten visit. 
large, not too small, this City of Gord Neic’ 
than mere convention sessions in a hotel. 
ment, recreation, sand sivht-seeingz possibdi 


Sincerely yours, 
ste 
“ 
H. “ard Stewart, Jr. 
Secretary - anager 
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About Your Buffalo Hotel Reservations 


HoTeL GENERAL Brock: Niagara 
Falls, Ont. Singles $4.00 up; Doubles 
$6.00 up. 

HOTEL LAFAYETTE: Washington and 
Clinton (map, 3) Tel: CL-5470. Singles 
$3.75 up; Doubles $6.50 up; Twins 
$7.00 up. 

HoTeL LENOX: North near Delaware 
(map, 4) Tel: GR-1700. Singles $4.50 
up; Doubles $7.00 up. 

HoTEL MARKEEN: Main at Utica Sts. 
(map, 5) Tel: LI-8600. Singles $2.25 
up; Doubles $4.00 up. 

MIDTOWN HOTEL: 430 Delaware Ave. 
Tel: MO-2200. Singles $3.00 up; 
Doubles $5.00 up; Twins $7.00 up—all 
rooms with bath. 

HOTEL RICHFORD: 210 Delaware Ave. 
(map, 6) Tel: MA-4300. Singles $2.25 
up; Doubles $3.75 up; Twins $5.00 up. 

THE SHERATON: 715 Delaware Ave. 
(map, 7) Tel: GR-2121. Singles $4.35 
up; Doubles $5.85 up; Twins $6.85 up. 

HOTEL STATLER: Delaware Ave. at 
Niagara Square (map, 8) Tel: MO- 
1000. Singles $4.00 up; Doubles $6.50 
up; Twins $8.00 up. Every room with 


Delaware Ave. (map, 10) Tel: \4. 
6500. Singles $3.00 up; Doubles .5,5) 
up; Twins $7.00 and $7.50; nites 
$10.00 to $13.00. 

HOTEL WESTBROOK: 675 Dela vare 
Ave. (map, 11) Tel: GR-9100. Si gies 
$5.00; Doubles $8.00. : 

WortH: 200 Main St. (nap, 
12) Tel: CL-0111. Singles $2.00 up. 
Doubles $3.25 up. 


Buffalo Hotels and Convention 
Hall Map Legend 


1—Hotel Buffalo 
2—Hotel Graystone 
3—Hotel Lafayette 
4—Hotel Lenox 
5—-Hotel Markeen 
6—Hotel Richford 
7—The Sheraton 
S—Hotel Statler 
9—Hotel Stuyvesant 
10—Hotel Touraine 
11—Hotel Westbrook 
12——Hotel Worth 
13—Buffalo Convention 
and Tourist Bureau 
14—Memorial Auditorium 
16—New York State In- 
stitute of Applied 
Arts & Sciences 1685 
Elmwood Ave. 


bath, radio and circulating 
ice water. 

HoTEeL STUYVESANT: 245 
Elmwood Ave. (map, 9) 
Tel: GR-8020. Singles $4.50 
up; Doubles $6.50 up; 
Suites $7.00 up. 

HOTEL TOURAINE: 274 
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ISA 
tMPLOYMENT SERVICE 


Forward your letter to INSTRUMENT 
SOCIETY OF AMERICA, 921 Ridge 
Ave., Pittsburgh 12, Pa. 


SALES ENGINEER. By large manufacturer of 
valves, gages, industrial instruments to be con- 


' nected with Chicago District Office. Should have 


> eters, ete. Must have automobile. 


sales engineering experience on pressure and 
temperature instruments, potentiometers, pyrom- 
Salary and 


> expenses. State education, experience and sala- 
> ries earned in first letter. All applications held 


cating agency 


electrical 


confidential. Location Chicago. Box 300. 
; INSTRUMENT SALES MAN. Boston Territory. 


Must have successful sales record for pressure 
and temperature instruments. Leading manufac- 
terer. Salary and expenses. State experience, 
education and salaries earned. Replies confiden- 
tial. Box 301. 


INDUSTRIAL INSTRUMENT AGENTS. An old 
established medium sized manufacturer with 
complete line industrial thermometers, recorders, 
controllers, dials and self-ops will consider allo- 
territories to well established 
and qualified representative. Box 302. 


INSTRUMENT DESIGN ENGINEER. For 
Atomic Power. Must have at least a BS in 
engineering and in addition have 
several years practical experience in the devel- 


| opment and design of instrumentation and servo- 


mechanisms. A thorough knowledge of electronic 
regulating systems, amplifiers and simulators is 
also a requirement. The work is related to the 
development of regulating devices and instru- 
mentation for control of nuclear power plant. 
Lecation, suburb of Pittsburgh, Pa. Write for 
application. Box 303. 

VALVE AND INSTRUMENT APPLICATION 
DESIGN ENGINEER. Combination sales and 
design position. S ful appli t should be 
an engineering graduate with a special spark 
for process and power valving and instrumenta- 
tion. Should have ten years experience in this 
field. A substantial old midwestern manufacturer 
offers a fine future for a man having real talent. 
Salary $6500 with bonus for outstanding per- 
formance. Location Cincinnati, Ohio. Box 304. 


DESIGN DRAFTSMAN. For product design on 
electromechanical and pneumatic devices for 
process control. Must have four years of tech- 
nical schooling or equivalent and two to four 
years experience in small mechanisms of the 
above nature, industrial instruments preferred. 
Should have at least 8 years drafting experience 
and be familiar with modern material and 
methods and manufacturing practices. Furnish 
particulars, age, experience and salary require- 
ments. Location Philadelphia. Box 305. 
MANUFACTURERS’ AGENTS. For established 
line of recorders, controllers for pressure, tem- 
perature, time and humidity. Exclusive terri- 
tories available for some areas. Non-exclusive 
distributorship on complete line including in- 
dustrial and dial type thermometers and pres- 
sure gages. Box 306. 


RESEARCH PERSONNEL. Require key men 
for research laboratories. Outstanding oppor- 
tunities now available in undertaking highly 
responsible research acid development work in 
important electr hanical instr tation 
laboratories. Require section chiefs with M. S. 
or Ph.D. degree in E.E., M.E., or Physics with 
scholastic achievement in upper 10 percent of 
class. Important to have more than 5 years 
Practical experience in development work, su- 
pervision of projects or group activities to qual- 
ify applicant to supervise and direct several di- 
versified projects and administer related activi- 
ties. Men with proven ingenuity, imagination, 
creative ability and with a record of tangible 
accomplishments can command attractive sal- 
aries. Location Chicago. Box 307. 
MECHANICAL DESIGNER. Mechanical Engi- 
neering graduate having several years experi- 
ence in design and development of mechanical 
and electromechanical instruments. Location 
Rochester, N. Y. Box 308. 

DISTRICT MANAGER for Los Angeles sales 
office of Philadelphia manufacturer specializing 
in oneumatic force-balance process control in- 
Stroments. Write fully, stating salary desired, 


ISA Section Publications 


Cees the project of pub- 
licizing ISA local Section mag- 
azines, which was begun in the Febru- 
ary issue of the Journal with an article 
on five Section magazines, we are re- 
viewing below two additional publica- 
tions, that of the New York and that 
of the Washington Section. 

Both publications pictured below are 
reproduced on 8.5 by 11 in. paper 
folded lengthwise. Both are published 
monthly except during June, July and 
August, and each was developed from 
and replaces a meeting notice. The 
New York Section paper is reproduced 
by the offset process on white, while 
the Washington Section News is 
printed on a heavy yellow stock. Both 


papers consistently appear in the for- 
mat as seen above. 

The Washington paper first ap- 
peared in February of 1950 and each 
issue to date has been four pages. The 
New York sheet has appeared since 
September of 1949 and runs from four 
to eight pages. It has a circulation of 
350 with 100 copies going to non-mem- 
bers. The Washington Section paper is 
distributed to about 500 persons 
(about 4 times the number of mem- 
bers in the Section) and is mailed out 
10 days before meeting time. 

Three men, Norman J. Cherry, Ralph 
R. Batcher and Charles E. Haggerty 
form the staff of the New York paper. 


education and experience. Replies held confiden- 


tial. Box 309. 


ELECTRICIAN, METERS. Install, test, cali- 
brate, maintain and repair ammeters, voltmeters, 
wattmeters and other electric meters of a wide 
variety of sizes and types including indicating, 
integrating and graphic. Work from complex 
wiring diagrams and control circuits and panels 
for electric furnaces, turbogenerators and other 
power plant equipment. Knowledge of routine 
test procedure for steam flow, air flow, com- 
bustion control, pressure and temperature instru- 
ments. Day shift at Alloy, W. Va. for Electro 
Metallurgical Div. of U. C. & C. Corp. Three 
months probation period. Start at $1.73 per 
hour, advance to full job rate in steps of five 
cents every month for a maximum period of 
three months. Box 310. 

INSTRUMENT SALES REPRESENTATIVE by 
well known manufacturer of manometers, flow 
meters, tank gages, etc. for Southwest states. 
Interesting Commission. Box 311. 


R. G. Quick and H. W. Semon put out 
the Washington News. 

Both publications give complete de- 
tails on coming meetings. The New 
York paper goes into considerable val- 
uable detail on speaker and subject. 
Both run lists of Section officers and 
publish the names of new members. 
The New York Section has found its 
publication to be an excellent medium 
for announcing and reporting on the 
Section Annual Regional Conference. 
A photograph taken at the 1950 con- 
ference dinner occupied two pages of 
the February issue. Both papers pub- 
lish information on Section business 
and policy and announce events of Na 
tional importance. 


tg 
‘a ty, 


The Washington Section News regu- 
larly runs three departments: “The 
President’s Page,” “Stuff & Things 
from the Editor” and “Technical Tid- 
bits.” Titles of articles which have 
appeared include: ‘Members Invited 
to Help Run Section,” “New Section 
Activities Proposed” and “Navy In- 
strument School Interested in ISA.” 
The editorial policy of the Washington 
paper is based on an attempt to keep 
the reader informed about the doings 
of the Section and the Society in a 
way that is as pleasant as_ possible. 
Quips are used as fill-ins and humorous 
letters allegedly written to the editor 
appear. The editors feel that the paper 
has served to considerably arouse in- 
terest in the Society. Three issues ex- 
amined contained a total of about 5000 
words. 

The Washington Section has plans 
in the making for running advertising 
in its paper. As can be seen above, 
the New York Section has already used 
the back cover of its magazine for ads. 
Eight ads, each 2.75 by 2.125 in. regu- 
larly appear here. Preferential space 
is given to Section members. The ads 
are accepted on a yearly basis, the 
same ads appearing in each of the 9 
issues throughout the year. Each ad 
remains the same, no change in copy 
from month to month being acceptable. 
Plans are being made to expand this 
advertising to 3 pages. 

There is little doubt that these two 
papers perform a very real service to 
members and are a definite integrating 
force in the Section and the Society. 
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The Differential Transformer 


As Applied to the Measurement of Substantially 
Straight Line Motions’ 


INTRODUCTION 


The measurement of substantially 
straight line motions is an important 
factor in the science of Instrumenta- 
tion. For example, the measurement 
of the displacement of a bellows or a 
diaphragm, the motion of a float, the 
tip travel of a Bourdon tube and the 
tilt of a weigh beam. 

Various means have been devised for 
converting these displacements into 
signals suitable for electrical transmis- 
sion, but only in recent years has the 
differential been used to any extent in 
this field. 

It is the purpose of this paper to 
treat with oniy two general phases of 
this topic: 


| 

Fig. Differential Transformer. 
george, ‘pat. 2,427,866) 


(W. D. Mae 


1. The basic design of differential 
transformers; and, 

2. The circuits which permit their ap- 
plication to the measurement of instru- 
mentation variable such as pressure, 
flow. force, ete. 

Although some of the structures to 
be described could easily be adapted to 
the measurement of rotary motions, 
these adaptations will not be discussed. 


PART 1 

A differential transformer consists 
essentially of a primary coil, two sec- 
ondary coils and an armature of mag- 
netic material. The primary coil is 
energized from a suitable source of al- 
ternating current, the two secondary 
coils are connected so that their output 
voltages are 180 degrees out of phase 
and the armature is located so that it 
can alter the relative flux distribution 
which exists between the primary coil 
and the two secondary coils. (See 
Fig. 1). Motion of the armature A 
toward secondary coil $1 results in an 
increased output of one phase and mo- 


tion of A toward §S2 results in an 
increased output of the opposite 
phase. If Sl and S2 are identical 
coils and A is located so that each 


receives an equal amount of flux, the 


* Presented at the Fourth Annual Conference 
of the Instrument Society of America, Sept 
13-16, 1949, St. Louis, Mo 
+ Director of Research, Automatic Temperature 
Control Co., Phila. 44, Pa 

Note Statements and opinions advanced in 
papers are to be understood as individual ex 
pressions of the authors and not those of the 
Society 
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voltages induced in these secondary 
coils will be equal and out of phase and 
a theoretical output of zero will result. 
This condition denotes the null, or bal- 
ance point of the differential trans- 
former. 

Obviously, the electrical energy could 
be applied to coils S1 and S2 and the 
differential output obtained from coil P 
without basically altering the trans- 
former structure or the results obtain- 
able. This has been done in some designs. 

In accordance with the previous des- 
criptive data, the differential trans- 
former becomes essentially a sel con- 
tained device for producing an electrical 
output, isolated from the source of 
power, which may be controlled in both 


OUTPUT 


E 


Fig. 2. Differential Transformer. (Porter and 
Currier, Pat. 808,944) 


amplitude and phase by an adjustment 
of the flux distribution within the trans- 
former. It should never be considered 
as part of a bridge circuit, but only as 
an isolated source of controlled alter- 
nating current. 

A wide variety of differential trans- 
former designs have appeared in pat- 
ents and various publications during 
the last 50 years. Among these is the 
force balance device disclosed by Porter 
and Currier in 1905 and shown in Fig. 

Although not intended for use as a 
differential transformer measuring de- 
vice it has all the essential elements of 
the one shown in Fig. 1. Many de- 
signs utilize core structures of mag- 


OUTPUT 


INPUT 


Fig. 4 and 5. “E” 
and Moulic) 


Core Differential 


Transformer. 


netic material such as the 


and “H” core arrangements shown jy 


Figs. 3, 4, 5, and 6. In one of these th; 
armature A moves parallel to the poi 
pieces, in another it rocks about th 
center pole, ete. 

The sensitivity of these magnet; 


core designs is very high but their out. 


put is definitely non-linear and th 
magnetic pull which exists between 
their armatures and their pole pieces 
can be an appreciable factor in man; 
applications. 


In view of these disadvantages, ani 


keeping in mind that modern electron; 
circuits do not require large inpu 
voltages to successfully operate serv 


mechanisms, the differential transfor. 


OUTPUT 


3. “E” 
(R. Pat. 2,408,524) 


Core Differential Transformer 


mers ideally suited to general instru- 
mentation are of the air core type (Fig 

). In units of this type, the armatur 
is the only magnetic material in the 
entire structure and is responsible for 
the distribution of flux threughout the 
coils. 

Of similar principle to the structur 
shown in Fig. 1, but of different geom- 
etry, are the two designs shown i 
Figs. 
reau and Hornfeck. In these designs 
the secondary coils lie either inside or 
outside the primary coil instead of a 
either end of it. 
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Fig. 6. “H" Core Differential Transformer. 
Clingman, Pat. 2,353,691) 


Investigation over a period of years 
and numerous field tests have led to a 
design which combines the desirable 
features of a differential transformer 


} into a structure which can be repro- 


duced accurately. This device is shown 
in Fig. 9. The coil structure, divided 
into two main sections, contains four 


i windings, two of which serve as the 


primary while the remaining two act 
as the secondary. The small section at 
the left end of the coil form is used to 
house the necessary interconnections 
and lead wire terminations. 

A design of the type shown in Fig. 
9 insures equal and stable electrostatic 
coupling between the primary and 


' secondary windings and minimizes tem- 


perature drift due to changes in such 
coupling. Uniform magnetic coupling 
is also insured on this same basis and 
this factor makes it possible to main- 
tain reasonable linearity without a 


‘large number of turns. This in turn 


means that a coil of relatively low 
impedance can be produced which will 


' adequately match into standard audio 


frequency transformers and allow the 
use of relatively long transmission 


' lines without danger from stray pick- 
_up and phase shift due to line capacity. 


A coil structure of this type is also 
quite versatile. Although the unit is 
normally used with the primary coils 


| connected series aiding ard the second- 
| ary coils connected series bucking, this 


condition may be completely reversed, 


| or the primary coils may be connected 


parallel aiding and the secondary coils 
parellel bucking, ete. Also, since the 
unit is essentially a two coil balanced 
structure, it is quite possible to bring 
out a center tap between the two ad- 
jacent windings and use one section as 


; an induction bridge. Obviously there is 


an almost endless list of workable com- 


» binations when one considers that more 


than two windings can be placed in 
each section. 

Some advantages inherent in a well 
designed differential transformer are: 
1 Negligible phase shift throughout the 
operating range. In inductance bridge circuits 
the resistance of the coils remains constant while 
he inductance of these coils varies over a con- 


» siderable range. The resulting shift in the resist- 


ince and inductance vectors causes a very sub- 
‘antial phase shift which must be taken into 
onsideration in the design of any indicating 
reuits, In a differential transformer such as 
\tcotran”*, the change in inductance for 
irmature motion of plus or minus 0.1 inch 
twice the normal range) is entirely negligible 
fore, servo mechanisms operating with 
transformers need not be compensated for 
shift throughout the indicating range. 
The source of power is isolated from the 
cireuit. This feature allows units to be 
ned in various ways and to perform many 
mathematical functions 


mark registered. A.T.C. Co., Ine. 


INPUT 


Fig. 7. Differential Transformer. (J. F. Quer- 
eau Etal, Pat. 2,050,629) 


3. A high degree of linearity and reproduci- 
bility of output with respect to armature dis- 
placement is obtainable. A linearity, of better 
than plus or minus 0.05 percent may be expected 
from standard production run “Ateotrans” and 
these units will match each other within 0.5 
percent without the use of calibrating resistors, 
or other means of compensating for normal ir- 
regularities in materials and in winding. 

Approximate, detailed characteristics 
of the “Atcotran” type of differential 
transformer are: 


SECONDARY 
OUTPUT 


OUTPUT 


Fig. 8. Differential Transformer. (A. J. 
Hornfeck, Pat. 2,439,891) 


null position is less than 0.01 grams. This force 
drops to zero at the null position, 

5. For the frequency characteristics of the 
“Ateotran’ see Figure 10. Note that the output 
of these transformers increases in a nearly linear 
manner with relation to frequency between 25 
and 500 eps, and that a reasonance condition 
with a very high voltage output is approached 


PRIMARY 
INPUT 


Fig. 9. “Atcotran” Type Differential Transformer. 


1. D-c. resistance of both the primary and 
secondary coils is 22 ohms 
2. Inductance (with armature in the coil) of 
the primary coil is 12 millihenrys and 5.2 
millihenrys for the secondary coil. the primary 
coils were connected aiding and the secondary 
coils were connected bucking for this check 
3. Linear range is plus or minus 0.15 inches 
4. Magnetic pull on the armature at a dist- 
0.05 inches away from the center, or 


= 


vo.Ts 
> 


OuTPUT 


at 10,000 eps. This same curve also indicates 
the quality of the null balance point with re- 
spect to frequeney. This voltage remains below 
0,001 volts up to 5000 eps. and never goes 
above 0.0017 volts 

6. Transformer Output: (a) No step-up trans- 
former-—0.00025 volts/ volt input/ 0.001 inch of 
armature displacement. (hb) 12:1 step-up trans- 
former—0.00296 volts/volt input/.001 inch of 
armature displacement, (¢) 22:1 step-up trans 


RESIOVAL OUTPUT VOLTS 


200 


500 1000 2000 5000 109000 


CYCLES PER SECOND 
Fig. 10. “Atcotran” Frequency Response Curve. 
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former—0.0052 volts/volt input/0.001 inch of 
armature displacement. (d) 0.0001 volts, or less 
output at balance with a 3.2 volt, 60 cps. input. 

For comparison let us assume a 
single bonded type strain gage, con- 
nected into a bridge circuit and 
strained to approximately 0.003 inches 
per inch (about 100,000 psi, stress in 
steel); it would yield an output of 
0.0015 volts/ volt input for this range. 
A differential transformer over its 
normal maximum range of 0.300 inches 
would yield an output of 0.075 volts, 
or an output advantage of 50:1 on a 
range basis of comparison. 

It should be noted here that coils 
having a higher impedance than the 
unit just described would have consider- 
ably more output for a given displace- 
ment, but when used with the step-up, 
input transformer of an amplifier, this 
gain becomes a loss if the two transfor- 
mers are not properly matched. For 
example, a transformer of the type 
shown in Fig. 1 with a secondary im- 
pedance of approximately 800 ohms 
will give the following results when 
used with the same step-up transfor- 
mer as the “Atcotran” previously de- 
scribed: 

1. No step-un transformer 
0.001 in. of Armature disvlacement 


—O OOOTR v/v in 


SERVO MOTOR 


EEC 


‘lt 


| 


AMPLIFIER 


AG> 


Fig. 11. 


iNPUT 


Null Balance Circuit for Differential Transformers. 


using nails for his original tests), bu: 


SERVO MOTOR \ : when these items are important, th 
design of the armature should be don 
with care. 

Ts A magnetic steel having closely con. 
trolled properties, and properly stres 
relieved after any machining operation 
will be adequate for most applications 
Certain bonded ferrite structures 

\ 3 7 which the magnetic particles are held 
} together by a bonding material whic) 
insulates the particles and is in itself 
4 i AMPLIFIER 8 | quite stable, seem desirable from 
} { ] production point of view. 
With steel, if a cylindrical armatur 
7 is used, this cylinder must be slotted 
along its major axis to limit eddy cur 
rents. These currents have a consider: 
able effect on the null balance of dif. 
ferential transformers. Internal stresses 
in the material caused by machining 
will seriously effect the balance of 
transformer by causing a slight shift 
in the phase of one secondary coil with 
respect to the other. This condition 
3V 3V must be given careful consideration at 
all times and can also be caused by 
wy large masses of aluminum, copper, 
T; — brass or other non-magnetic materials 
located close to the differential trans- 
former. In general, it is recommended 
~ that such masses be kept at least 0.75 
Fig. 12. Null Balance Circuit with transformer type range change. SERVO MOTOR » 
2. 12:1) step-up transformer—0.00190 v/v 
in/0.001 in. of Armature displacement |. 
3. 22:1 step-up transformer—0).00110 v/v J | 
in/0.001 in. of Armature displacement f t 
It can be seen here that for use with 
a standard electronic component such 
as a line to grid transformer having a ' 
50 to 200 ohm input impedance, the low 7 
impedance differential transformer is 3 A | ts 5 
considerably superior to the 800 ohm 4 
variety. This same feature also makes $|| 
it possible to capacitively shunt the 4 ef | 
input and output circuits of an “Atcot- t— — LSe 
ran” without serious effects. Ten mi- Ss si 
crofarads connected across the termi- 
nals of such a differential transformer 2 
will not injure the operation of a null 2" 
balance servo system. 
Armatures for use with differential 
transformers may be made from a 
large variety of magnetic materials Ac 
if a low null signal and reproducibility INPUT 
are not important (the author recalls Fig. 13. Algebraic Summation Circuit. 
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mech sway from the ends of the unit 
und at magnetic materials should 
Pmaintiin a clearance of twice this 
amount. Since the magnetic field of a 
differential transformer is elongated to 
give ihe required linearity, these units 
are much more sensitive to end effects 
than to side effects. 


Part II 


To apply the differential transformer 
"to a measuring problem a null type of 
circuit is recommended. (See Fig. 11). 
In this circuit the output from the 
‘transmitting unit, Tl, is 180 degrees 
out of phase with that of the balancing 
“transformer, T2, and the difference 
F voltage is fed through an amplifier to 
Fone phase of a two phase servo ‘motor. 
'The other phase of this motor is ener- 
‘gized continuously from the line. 
When both differential transformers 
fare producing equal out-of-phase volt- 
Fages, there will be no input to the am- 
| plifier and the motor will be at rest. 


conditions, a center scale check point 
may have an advantage. Such an ar- 
rangement limits the travel of the 
armature to an equal distance either 
side of the null point and keeps it 
within the most linear portion of the 
differential transformer characteristics. 
On the other hand, the first method 
described, reduces the effect of stray 
pick-up in the system and permits the 
use of a very simple method of range 
change. 

Electrical Range Change (Ratio 
control). If a resistor is connected 
across terminals 7 and 8 of the balanc- 
ing transformer, T2, (See Fig. 11) its 
output will be reduced. This is true be- 
cause the air core type of differential 
transformer has very poor regulation 
and its output will reflect any change 
in loading. When the output of T2 has 
been reduced in this manner, the servo 
motor will now have to move farther to 
balance a given change in input voltage 
from the transmitter and the effective 

SERVO_MOTOR 


Fig. 14. 


However, if the armature or trans- 
‘former is displaced slightly, a restoring 
} signal will be produced which will cause 

the motor to rotate and return the sys- 

tem to balance. 


The reasons for using a null balance 
system are: 
1. It is unaffected by line voltage changes. If 
here is no stray 60-cycle pick-up in the system 
will be unaffected by normal line voltage 
pchanges and even an excessive pick-up voltage 
equal to 10 percent of the total signal at full 
p vale. would only cause a 1 percent change in 
eading for a 10 percent change in line voltage 
normal systems the pick-up voltage will al 
ways be less than 1 pereent of the full seale 
signal 
2. It is relatively unaffected by resistance 
Nanges in the connecting leads. The addition of 
istance to either the primary or secondary 
ircuit will have little effect on the balance of 
cireuit; although its sensitivity will be 
‘fected. This means that changes in coil resist 
Fence due to heating will not unbalance the 


uit 


The following information may be of 
_ value in the application of null balance 
circuits: 

Electrical zero check. If a shunt is 
connected across terminals 3 and 4 of 
‘the transmitting differential trans- 
‘former (See Fig. 11), its output will 
' be zero and the servo system will come 
/to balance at the null position of the 
| balancing differential transformer. This 
1s a convenient method for checking the 

“zero” of the entire servo system. In 
general, it is desirable to have this 
poin’ coincide with the true zero of the 
indivating system, but, under certain 


Ac 
INPUT 


Multiplying Circuit. 


sensitivity of the servomechanism will 
have been increased. 

This method has been successfully 
used for sensitivity ratios up to 10:1 
and may also be used as a calibrating 
means. A shunt resistor having a resist- 
ance of about 100 times that of the dif- 
ferential transformer secondary coil 
impedance, will reduce its output by 
1 percent. If this shunt is placed across 
the transmitting unit, the sensitivity of 
the system will be reduced 1 percent, 
but if it is placed across the balancing 
unit the sensitivity of\the system will 
be increased 1 percent. 

In using shunt resistors for range 
changing and calibration it should be 
kept in mind that the desired ratio will 
only be maintained as long as the coil 
resistance and the shunt resistance 
maintain the same relationship. Tem- 
perature changes in the coil, unless 
properly compensated for, will upset 
this relationship. 

It is possible to obtain similar results 
by means of transformers instead of 
by means of shunts (See Fig. 12). Here 
the input voltages to the two differen- 
tial transformers are set up as a pre- 
determined ratio by the supply trans- 
former, T3. Ratios as high as 40 to 1 
have been used with a circuit of this 
type. Its major draw back is the fact 
that changes in lead resistance affect 
the ratio to a certain extent. 

Algebraic Summation (See Fig. 13). 
The use of more than one differential 
transformer as a transmitter is both 
feasible and useful. When transformers 


Tla and Tlb are properly connected, 
their outputs are algebraically sum- 
mated in such a way that their output 
voltages represent the magnitude to 
be measured and their phase becomes 
the plus and minus sign for this magni- 
tude. The servo mechanism balances 
out the resulting signal and indicates 
the algebraic sum of the two variabies 
controlling transformers Tla and T1b. 
Up to six transmitters have been suc- 
cessfully summated by this method 
without difficulty. A typical application 
is the use of four “Atcotran” load cells 
to support a weighing platform and a 
weighing servo to indicate the average 
signal from these cells. In this way the 
weighing platform becomes independent 
of load position. 

Multiplication: If the input of one 
differential transformer is used as a 
source of input voltage for a second 
differential transformer, multiplication 
results. Since adequate power is not 
available in one transformer to drive 
another, the use of an electronic ampli- 
fier is recommended (See Fig. 14). 

The output of T1 is stepped up by 
input transformer T3 and applied to 
the grid of a high transconductance 
cathode follower stage, V1. The output 
of this stage is transformer coupled by 
T4 to the input circuit of differential 
transformer T2. For example, assume 
that the output of T1 is 0.05 volts and 
the step-up ration of T3 is 20 to 1, then 
the grid input to V1 will be 1 volt and, 
if T4 has the proper ratio, this 1 volt 
will also appear across the input ter- 
minals of T2. If the output of Tl 
doubles, then the input to T2 doubles 
and since its output is proportional to 
its input the signal output of T2 will 
also double and is therefore effectively 
multiplied by two. 

The differential transformer signal 
injected into the primary of T2 may be 
100 percent of the total signal or only 
part of it. If this maximum signal 
should only be 20 percent of the total 
input to T2, its output would only 
change 20 percent of its immediate 
value for a change of from zero to 
100 percent in the output of T1. This 
device has been used for compensating 
the output of a flow meter for changes 
in pressures and for other similar uses. 

Use of Null Balance Circuits. In 
making connections between the various 
components of differential transfor- 
mer null balance circuits, the author 
has standarized on the following pro- 
cedures: 


1. Use of twisted pairs for all primary cir 
cults 

2. Use of shielded, twisted) pairs for all 
secondary circuits, for runs over 50 feet 

3. Number 20 BS gage, stranded wire is of 
ample size for most installations. The wires 
should be run in conduit, but never in the same 


conduit with power lines 

If properly installed, transmitters 
and receivers may be several thousand 
feet apart. 

Special 400 cycle systems requiring 
only a 50 millivolt input signal to the 
transmitter have been used for hazard- 
ous locations. 

Although the differential transformer 
is still a newcomer in the instrument 
field, there are some standard instru- 
ments available (See Figs. 15 and 16). 
These include circular scale indicators 
with 0.25 percent of reading accuracy 
(above 10 percent of scale) and a ten 
to one sensitivity switgn: multi-channel 
optical indicators with three automati- 
cally selected scales, a scale length of 
about 88 inches and a two-second speed 
of response; strip chart, round chart 
Page 613 


June 1950-—Instruments 


FIDDADPICTO 


‘ 


afin RY 


ERSITY 


| 
> 
> 
| | 
| 
— 
$ 4 
4 
{ 
ires iy 6 
re held 
| which 
nN itself = 
‘rom a 
mature 
slotted 
dy cur- 
insider: 
of di 
| 
= 
5 
] = 4 


Fig. 15. Round-scale “Atcotran” Indicator. 


single and multi-point recorders, con- 
trollers, etc. The switching of various 
input circuits into one indicator, or re- 
corder, such as is normally done with 
thermocouple circuits, is standard prac- 
tice with most differential transformer 
instruments. Transmitters, for pres- 
sure, flow, density, level, motion, etc., 


Fig. 16. Multi-channel “‘Atcotran” Indicator. 


are also available as either standard, 
or custom built devices. Fig. 17 shows 
a Bourdon tube type of pressure trans- 
mitter. 

While it is obvious that a direct in- 
dicating, meter type of instrument may 
be used with a differential transformer 
instead of a servo driven, null-balance 
device, no time will be devoted to these 
units at this time. It is only with the 
null balance systems that the remark- 
able accuracy and stability of the dif- 
ferential transformer can be realized. 


Fig. 17. “Atcotran” Pressure Transmitter 


In general, differential transforme 
instrument systems should be used. 

1. whenever highly accurate measurements 
motions are required, 

2. where minute forces are available ay 
friction of any kind would be a disadvantay 
3. where electrical transmission of vari 

variables is a requisite and 
4. where it is desired to express certain mat} 
matical functions electrically. 


Application Of Computing Mechanisms 
To Industrial Instruments” 


perhaps more formidable than is 

its contents. Every one is familiar 
with the present-day gas station pumps 
which not only meter the flow of gas 
to our automobile tanks but also mul- 
tiply the gallons by the price per gal- 
lon. The result of this operation is 
both the number of gallons sold and the 
amount of money poured into the tanks. 
It should not seem too difficult to the 
instrument engineers to see that similar 
computations made in industrial proc- 
esses might achieve similar results and 
benefits. One of the principal benefits 
would seem to be the ability to go di- 
rectly to a record of the variable of 
real interest, thus eliminating all of 
the laborious steps of calculation, with 
their opportunities for mistakes, which 
have seemed to us up to now a natural 
way of obtaining the desired answers. 

Such computing instruments are al- 
ready in successful use in many plants 
performing such jobs as recording the 
rate of heat and energy flow, recording 
one component of a mixed flow, auto- 
matically correcting meter readings 
for line density variations, and others. 
As this type of instrumentation is grow- 
ing in use, it is the purpose of this ar- 
ticle to show some of the basic instru- 
ments and mechanisms which are being 
applied successfully to this type of 
problem. 

Two recent Hagan Ring Balance met- 
er developments go a long way to make 
computing instrumentation practical 
for the industrial meter field. The first 


"Te TITLE of our article sounds 
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of these is the dual meter, shown in Fig. 
1, which consists essentially of two sep- 
arate meters in the same housing ar- 
ranged to record on a single chart and 
so designed that the meter deflections 
can be combined. The second is a de- 
velopment of a line of coupling linkages 
to effect the desired combination. 
These linkages are of two basic types. 
The additive coupling, shown in Fig. 2, 
is designed to produce an output dis- 
placement which is either the sum or 
difference of two inputs. The multi- 
plying coupling, shown in Fig. 3, is de- 
signed to produce an output displace- 


Fig. 1. Net Volume Meter. First ring meas- 
ures flow; second ring measures specific gravity 
of alcohol in flowing solution, also compensates 
flow ring and records and integrates net vol- 
ume of alcohol flowing in line. 


ment which is either the product or th: 
ratio of two inputs. 

Several examples will show how thes: 
relatively simple elements can be com- 
bined to effect some rather unusual 
metering solutions. 

Fig. 4 shows a metering system fo: 


Fig. 2. Fundamental Summation Coupling 


measurement of heat transfer. Th 
problem calls for a production of the 
record and integration of the amount 
of refrigeration for cost billing pur- 
poses. Water used in the building cool- 
ing system is cooled in an outside plant 
and returned to the building. Both the 
degree of cooling and the amount 0! 
water cooled are variable depending on 
weather conditions. The desired meas- 
urement is accomplished by multiplying 
the heat extracted per pound of wate! 
by the total pounds of water used and 
recording and integrating the resulting 
product. The heat extracted per pound 
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Fig. 4. Heat Transfer Metering System automatically multiplies rate of flow by temperature 
‘difference to provide record and integrating of heat transfer. 
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Schematic Arrangement of Metering on Alcohol Recovery System. 


of water is given by a measurement of 
the temperature difference between the 
outgoing and incoming water, while the 
weight of water is given by a conven- 
tional orifice type meter. In the sys- 
tem shown, a resistance type tempera- 
ture difference recorder equipped with 
an air transmitter generates a pneu- 
matic control pressure proportional to 
temperature difference. This pressure 
is applied to a bellows within the water 
meter housing and combined with the 
rate of flow by means of a multiplying 
coupling. 


The output of the coupling operates 
a recording pen and integrator in the 
meter housing. Records of temperature 
difference, rate of water flow, and rate 
of refrigeration are provided with a 
continuous integration of the refrigera- 
tion. Cost billings are on the basis of 
the integrated readings. 


Fig. 5 illustrates a net volume meter- 
ing system. The problem calls for a 
record and integration of the amount of 
alcohol fed to a rectifying column. Both 
the volume of the water and the alcohol 
content per pound are variable. 


The desired answer is obtained by 
determining the total solution flow and 
multiplying the total flow by the alcohol 
content to determine the net volume of 
alcohol. 


The total solution flow is determined 
in a conventional manner by one ele- 
ment of a dual meter. The alcohol con- 
tent is determined by a measurement 
of the specific gravity of the solution 
by means of the second element of the 
dual meter. The two readings are com- 
hined by means of the multiplying coup- 
ling to produce the desired record of 
alcohol flowing to the column. 


Fig. 6 illustrates a gas flow measure- 
ment system. The problem calls for a 
record and integration of the gas flow 
in an interconnecting pipe line carry- 
ing gas under variable pressure, vari- 
able temperature, and variable specific 
gravity conditions. The desired record 
is one showing gas flow reduced to 
standard pressure. temperature, and 
specific gravity. Examination of the 
descriptive equation shows that the de- 
sired results can be produced by mul- 
tiplying the square root of the gas dens- 
ity under flowing conditions by the 
sauare root of the orifice differential. 
Again, a dual meter is employed, one 
element of which is used to measure 
the square root of the gas main line 
orifice differential. The second element 
of the dual meter measures the square 
root of the orifice differential in an 
auxiliary flow system in which is lo- 
cated a constant volume pump. This 
auxiliary system is based on the fact 
that, at constant volume, orifice differ- 
ential is proportional to fluid density. 


A mutiplying coupling, of the type 
shown in Fig. 3, is employed to produce 
the product of the outputs of the two 
elements of the dual meter. The chart 
record carries three continuous records, 
one showing flowing density, the second 
main line orifice differential, and the 
third the rate of flow compensated for 
pressure, temperature, and _ specific 
gravity. 

While the examples shown involve 
generally two main variables, the idea 
is not limited to such problems. It is 
possible, for example, to effect such 
computation in one meter housing, con- 
vert the result into a pneumatic con- 
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trol signal, and introduce it to a second 
meter housing for combination with 
other variables. A further possibility 
lies in the combination of regulating 
elements with metering systems such as 
outiined above to produce other desired 
solutions. 


Fig. 6. Schematic Arrangement of Gravity- 
compensated Flow Meter. Measurement desired 
is cfm. equivalent in terms of base gravity, 
temperature and pressure. Meter “S” (spring- 
loaded) measures flow through orifice A. Meter 
“W" (wieght-loaded) measures density of gas at 
flowine conditions by measuring the differential 
across orific: B when constant volume flow rate 
is maintained. Coupling linkage combines read- 
ings of S and W te pro-ide desired answer. Both 
meter (ring) S and meter (ring) W are in the 
same case. 


GAs FLow 


CL 


4 


ABLE 

TEMPERATURE 


CON STAM 


Siowce 


COWPLIAG 
INKAGE 


QUAL 


CAM ArT Sro. 
CRAWT YE 
FICE SSE JEM 
COND’ 


Concepts Of Modern Gaging 
As Applying To Pneumatic Gages’ 


F ALL THE basic gaging de- 

vices, none has matched the 

pneumatic type for sudden rise 
in popularity, nor have any other type 
gaging devices been subjected to the 
same amount of intensive research. 

The use of air in a controlled circuit 
for gaging purposes has been known 
for several decades, although it has 
only been within the last eight to ten 
years that it has taken its proper place 
in the gaging field. 

OPERATIONAL ADVANTAGES 

There are many sound reasons for 
this change in popularity. It has per- 
mitted the gaging of elements which 
heretofore have been impractical or at 
best extremely tedious. Take for ex- 
ample the ordinary hole. While it is 
true we do have other gages of a fash- 
ion for this type of work, the use of air 
gages permits a complete analyzation 
of the hole for size, out-of-round, taper 
and bellmouth, and to any depth. It is 
one of the few gages which will deter- 
mine back taper in a blind hole. 

When we consider that internal di- 
mensions comprise approximately 42 
percent of all elements requiring ac- 
curate gaging, such advantages take 
on added significance. 

Air gages may be used for checking 
narrow slots, splines, soft plated parts, 
thickness, flatness (with limitations), 
lengths, depths. etc. It is probably the 
only type gage suitable for measuring 
average diameter of parts in an out-of- 
round condition. A typical example of 
this latter condition exists in cylinder 
liners. 


COMPLEX APPLICATIONS 
Some of the more complex tooling 
permits the gaging of the squareness of 
the axis of a hole in relation to a face; 
the checking of the parallelism of the 
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axes of two holes in relation to each 
other; the gaging of the “throw” in ec- 
centric shafts; the checking of spacing 
between holes; measurement of center- 
distance in interrupted or figure “8” 
holes. 

All of these dimensions are checked 


An extremely easy entering air spindle for 
checking large diameters. 


without the error normally caused by 
the diametral tolerance applying to the 
holes or shafts. In keeping with the 
current trend, fixtures are now designed 
to measure many of the part elements 
simultaneously. 


EXTERNAL DIMENSIONS 

It should not be assumed that air 
gages are suitable only for internal 
work, The availability of other types of 
precise comparators for external work 
necessitates a complete analyzation of 
the gaging problem before a choice is 
made. Many successful applications in 
the field nave proven the merit of air 


gages for measuring large parts, thin- 
wailed parts, wall thicknesses, the class- 
ification of diameters and multiple com- 
binations of internal and external ele- 
ments. 


PRINCIPLE OF OPERATION 

Essentially air gaging depends on the 
flow of air between the faces of jets or 
specially constructed heads and the part 
being gaged. In exceptional cases, how- 
ever, plungers, balls or levers may 
make a physical contact with the part 
forming a variable aperture through 
which the air flows, giving a value. 


TYPE OF BASE INSTRUMENTS 

All air gages can be classified into 
one of three basic principles: (1) Back 
pressure type; (2) Water type; (3) 
Flow type. 

In its original fundamental form, 
the air gage consisted of an air supply 
of constant pressure entering an orifice 
of pre-determined size connected to the 
gaging head with suitable conduit. In 
this conduit was placed a pressure-in- 
dicating gage. The fit of the part on the 
gaging head formed an opening vary- 
ing in size according to the size of the 
part being measured. A closely fitting 
part restricted the air flow more than a 
loosely fitting part, setting up a relative 
back pressure. This back pressure ac- 
tuated the pressure indicator, giving a 
reading. 

Air gages which depend upon a vary- 
ing pressure at the gaging head are 
known as “Back pressure” type air 
gages. These may be further sub- 
divided into a mechanical type and a 
water-column type. 

The mechanical back-pressure air 
gage normally consists of first, a filter 
to remove excess moisture and other 
foreign materials which might soil the 
part being gaged or foul the = small 
orifice through which all the air must 
pass; second, a mechanical pressure 
regulator valve through which air 
passes to give a constant pressure. 
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yydinarily with a constant pressure 
presenting air to given-size orifice, one 
would expect a constant rate of flow. It 
will be well to note that in this case this 
is not true, as the varying pressure be- 
tween the orifice and the gaging head 
exerts a back pressure that decreases 
or increases this flow. This back pres- 
sure is controlled by the ratio between 
the orifice and the escape permitted by 
ine engagement of the gaging head with 
a maximum or minimum part. 


PRESSURE CONSIDERATIONS 

It is obvious that a pressure must be 
established in the conduit that will al- 
jow exactly the same amount of air to 
flow from the jets as will enter the con- 
quit, under a constant head at the or- 
ifice against this established pressure. 
The process of balancing these flows 
against one another is automatic, and 
the lag is the product of the propor- 
tion between the voiume of the conduit 
and the rate of flow at the gaging 
head. 

If the conduit is extremely small and 
the rate of flow at the gaging head 
yreat—as in the application of a low- 
amplification gage setup with the gag- 
ing head very close to the instrument— 
hbaiance takes place quickly and speed 
of indication is remarkabiy good. If, 
however, the gaging head is used at a 
greater distance from the instrument, 
increasing the volume of the conduit, 
this indicator reaction will slow. 

Likewise, if the rate of flow is de- 
creased as by reducing the clearance 
between the gaging head and the part— 
as required to get a greater gage am- 
plification—the speed of indication is 
decreased. Therefore, very definite lim- 
itations in both amplification and re- 
mote gaging are imposed to retain an 
acceptable sensitivity or speed of indi- 
cation. 

WATER TYPE 

The water-column back-pressure air 
gage is identical to the mechanical 
back-pressure gage in operation and 
theory but differs in the method of ac- 
complishment. It consists of a vertical 
tank of water into which a tube has 
been inserted with an open end near the 
bottom of the tank. Into the upper end 
is introduced the air supply, sufticient in 
quantity to remove all water inside 
the tube. 


Surplus air bubbles out, keeping this 
‘evel at the bottom of the tube constant. 
Chis establishes a constant pressure in 
che tube that may be changed only by 
changing the water level in the tank. 
At the upper closed end of this tube 
is an orifice allowing air to enter a con- 
duit leading to the gaging head, as in 


Gaging six diamcters on a refrigerator crank- 
shaft with dial-type air gages. 


the previously described gage. A small 
vertical glass tube has one end con- 
nected to this conduit and the other end 
to the lower portion of the water tank. 
Obviously this tube will indicate the 
height of the water level in the tank 
when atmospheric pressure prevails in 
the conduit. Increasing back pressure 
in the conduit depresses the water level 
in the glass tube, making a direct-act- 
ing pressure indicator. 

This system has the same functional 
limitations as the mechanical back- 
pressure gage, plus practical limitations 
on gaging pressure. Because of the 
height of water tank necessary, this 
gage seldom operates at over 1-lb. pres- 
sure. The simple design eliminates 
most mechanical units. 


FLow TYPE 

A more recent development is the 
constant-pressure rate-of-fow air gage, 
which permits nearly unlimited ampli- 
fication and features extreme simplicity 
in construction. The unit consists of a 
filter to remove foreign material and 
moisture from the air supply. Next 
a primary pressure regulator valve is 
adjusted so as to maintain a pressure 
of several pounds higher than a second- 
ary valve and avoid wide fluctuations 


from approaching the final regulator, 
The air then passes into a secondary 
pressure regulator for further reduc- 
tion. 

The flow type air gage differs from 
the back pressure type im the elim- 
ination of the restricting orifice and the 
pressure indicator. In their place, a 
rate-of-flow meter is provided between 
the valve and the gaging head. The 
rate-of-flow meter empioyed, consists of 
an internally tapered transparent tube 
—positioned vertically with the large 
end upward. A light-weight specially 
designed metal float positions itself in 
the taper according to the velocity of 
alr passing through the tube. The 
float position is a direct rate of flow in- 
dication. It will be noted that no re- 
striction occurs between the regulator 
valve and the gaging head, therefore, 
the pressure presented to the part at 
the gaging head is constant. 

This principle permits instantaneous 
action regardiess of the distance sepa- 
rating the indicating tube and the gag- 
ing head. Installations have been made 
wherein the gaging head has been lo- 
cated 50 feet from the instrument with 
no apparent time lag in indication. 

Additional controls have pro- 
vided for the adjustment of amplitica- 
tion, within its limits. Another con- 
trol permits the zeroing of the float 
to an accurately graduated linear scale. 
Such features combine to make this an 
outstanding gage for use in machining 
operations, in the preparation of Qual- 
ity Control charts, for use in inspection 
departments, for assembly purposes and 
many other piaces which require a fast 
and accurate means for dimensional 
determination. 


ACHIEVED ECONOMIES 

The economies obtained in using air 
gages are manifold. Wear life is ex- 
tremely long and original accuracy 
maintained throughout the usable life 
of the tooling. Identical readings are 
obtained regardless of operator experi- 
ence which permits the use of lower 
skilled personnel. The speed-accuracy 
ratio is considerably higher than ob- 
tained with other gages. Accuracy in 
readings assures the use of all accept- 
able parts and the rejection of a/l parts 
beyond tolerance limits. Unquestioned 
accuracy avoids time consuming ar- 
guments, mistakes and assembly diffi- 


Semi-automatic machine (left) for checking and classifying cylinder bores in an automotive block. Measuring 20 diameters (right) on an auto- 
motive crankshaft, 
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culties. One operator may do the work 
of many by means of multiple applica- 
tions. 

The examples given are just a few of 
the many advantages obtainable from 
air gage applications. The field is still 


so new that actually and figuratively 
speaking, the surface has not been 
scratched, application- or production- 
wise. From all indications the next 
few years will show an even more amaz- 
ing progress in this field. 
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High-pressure Design and Application 
of Control Valves and Regulators 


py 


INTRODUCTION 
The design and application of regu- 
lators and control valves for present- 
day high-pressure operations in steam 
power plants, in the process industries 
and in petroleum and gas field oper- 


4. 


High-pressure Self-contained Regulator. 


Fig. 1. 


ations, have introduced new problems 
and considerations for both the design 
and application engineer. The han- 
dling of high-pressure applications has 
been extended by discovery of newer 
materials, alloys, ete., and by new de- 
sign principles. Coupled with ingenuity 
and the knowledge gained of experi- 
ence, the designer has made notable 
advances in meeting particular design 
problems of high-pressure applications. 

The purpose of this article is to out- 
line some of the aspects of high-pres- 
sure design, to discuss some of the 
nore important problems encountered 
ind to summarize certain developments 
n high-pressure design and application 


COPE, Fisher Governor Co., 


that will be informative and helpful to 
the user and application engineer. 


DIRECT-OPERATED REGULATORS 

In any discussion of valves for high- 
pressure control, the direct-operated 
regulator should not be neglected. 
While its application is limited, it still 
finds use in high-pressure regulation 
of small and moderate volumes, or as 
constant-pressure hydraulic and pump 
governors, under relatively steady load 
conditions. 

Examples are found in gas cylinder 
regulators and high-pressure gland 
seal regulators on pumps, operating- 
supply regulators and _ high-pressure 
service regulators. Fig. 1 is a typical 
high-pressure self-contained operating- 
supply regulator, used for reducing the 
pressure of the supply to a pilot in 
gas field pressure controllers, where the 
high-pressure gas is used as the operat- 
ing medium. Designed for 3000-psi. 
working pressure with heavy forged- 
bronze body and_ stainless-steel dia- 
phragm, such a regulator is usually 
made in small sizes. quarter-inch, with 
capacities from 1 to 5 efm. Fig. 2 is 
typical of a high-pressure field service 
regulator, with high tensile iron body 
designed for 1000-psi. inlet pressure 
and with wide range of reduced pres- 
sures from 200-psi to 5 psi., in 1-inch 
and 2-inch sizes with capacities rang- 
ing from 100 cfm. and lower, depending 
upon operating conditions. It is in- 
teresting to note the use of Du Pont 
Teflon, one of the new plastics, as a 
seat disk of excellent performance, in 


this valve, under high-pressure drop 
conditions. 
These self-contained regulators do 


not pose any particular problems in 
design, if one works within the limits 
of materials available. Strength of 
body, diaphragm casings and bolting 
must be suitable for the maximum 
working pressures. Diaphragm and 
spring combinations are dictated by 
the regulated pressure range to be 
covered. at the same time holding with- 
in the strength limits of available ma- 


Marshalltown, Iowa. 


terials. The orifice or port area must 
be limited not only to obtain good 
throttling characteristics, but also to 
keep the unbalanced force across the 
seat, due to high differential pressure, 
within the limits of loading obtainable 


Fig. 2. 


High-pressure Field Regulator. 


with the appropriate spring-diaphragm 
combination. 

Direct-operated constant-pressure hy- 
draulic or pump governors are gen- 
erally limited to about 300 psi. with 
the conventional diaphragm and spring 
operator. For higher pressures, a pis- 
ton and spring operator is common. 
Again, the spring and piston area 
combination is determined by the ope- 
rating range, at the same time observ- 
ing the limits of material strength. 
Fig. 3 illustrates a typical regulator 
in this class, which is designed for an 
operating range of 1500 to 7000 psi. 


CONTROL VALVES 

classified, control valves 
manual- and  power- 
electric-motor, hy- 
diaphragm-motor 


Broadly 
should include 
operated valves, 
draulic-cylinder or 
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operated. The problems of high-pres- 
sure design are common to all these 
classes in greater or lesser degree. The 
most widely used with automatic con- 
trol or pilot regulation is, of course, 
the diaphragm-motor valve, and the 
discussion will be limited to this type, 
remembering that similar problems of 
design and application apply as well 
to other types. 

Fig. 4 illustrates the cross section 
of a typical diaphragm-motor valve 
with double-seated body and trim. For 
high-pressure application, particular 
attention must be given to mechanical 
design of the: 


Body 

Bonnet 

Stuffing Box 
Diaphragm Motor Assembly 
Internal Details 


i 


~ 


We 


Fig. 3. Constant-pressure Hydraulic or Pump 
Governor. 


Design and operating conditions and 
process application requirements direct 
the attention of both the designer and 
process engineer to the factors of: 


Type Body and Inner Valve 

Inner Valve Trim 

Design and Characteristics of the Dia- 
phragm Motor 


This classification into factors of 
mechanical design and process require- 
ments is not necessarily exact or limit- 
ing, for they are dependent upon one 
another in many cases and the process 
engineer often must consider the me- 
chanical design in addition to process 
requirements. 


MECHANICAL DESIGN 
The first consideration is that the 
valve body assembly be designed for 
the specified static pressure and tem- 
perature conditions. The material of 
construction is dictated in part by the 
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nature of the fluid to be handled and 
by temperature. Metal thickness, flange 
dimensions for connections, bonnets 
and blinds and bolt and stud dimen- 
sions are normally based on accepted 
standards and specifications such as 
ASA, ASTM, etc. These are well known 
and need no further comment. 

Common types of bonnet construc- 
tion are threaded and bolted. Fig. 5 
illustrates a typical threaded body 
valve with threaded bonnet which is 
suitable for pressures up to 6000 psi. 
The limitation of this type construc- 
tion is temperature, and above 450 F. 
this type bonnet is subject to leakage 
due to temperature gradient and differ- 
ential expansion effects. Fig. 6 illus- 
trates a typical flanged body valve 
with flanged bonnet, designed for 1500- 
psi. nominal rating. A third type of 
bonnet construction widely used for 
high pressure and high temperature 
applications is the so-called “pressure 
seal” bonnet, Fig. 7. This type utilizes 
the static pressure within the valve 
body to apply the loading to a piston- 
like bonnet and sealing ring; and it 
is an adaptation of the type of closure 
long used in high-pressure techniques. 
Its particular advantage lies in elim- 
inating the massive flanges required 
with bolted bonnets as shown in Fig. 6. 
Note that the sealing ring gland has 
Acme type threads to stand high load- 
ing from internal pressure. 

In high-pressure stuffing box design, 
the principal requirement is to have 
sufficient depth of packing to prevent 
excessive leakage without introducing 
undue frictional drag on the valve 
stem. Good practice has been to main- 
tain a ratio of packing depth to stem 
diameter of 5 or 6 to 1. In addition, 
a lantern gland is normally included 
and a selected lubricant is introduced 
under pressure from a suitable pres- 
sure fitting and isolating valve, to act 
as a combined seal and lubricating 
film. Such construction has proved ef- 
fective up to pressures of thousands of 
pounds, using suitable packing mate- 
rial and lubricant. Bolted glands are 
usual for pressures above 400 psi. See 
Fig. 6. 

Recently, interest has centered in 
Teflon as a packing material, and spe- 
cial designs employing this compound 
have proven their worth in high-pres- 
sure applications and, as well, in serv- 
ices where lubricants are undesirable. 
One design for high-pressure work uses 
a specially-shaped single-piece packing 
member of Teflon, which has a tapered 
portion facing into the direction of 
high pressure. The stuffing box and 
gland are so constructed that the pres- 
sure acts on the outside of the tapered 
portion and squeezes the thin leading 
edge around the stem to form the ef- 
fective pressure seal. Other designs 
have retained the general character of 
the conventional stuffing box with mul- 
tiple-ring packing, except that molded 
rings of Teflon are used, and modifi- 
cations are introduced to handle the 
particular properties of this plastic. 
Rings are molded in the inverted V 
or chevron shape to utilize the pressure 


sealing effect of the feather edges 
the V around the stem. It has be: 
found that the effective packing de; 
may be materially decreased, and 
lubricant is not required to act as ; 
seal. Actually, Teflon is not self- 
bricating, as might possibly be believ.d, 
but its surface character is such that 
no lubrication is required to keep down 
stem friction. 

The diaphragm-motor assembly must 
obviously be designed with sufficient 
mechanical strength for the maximum 
loads to be encountered which are those 
in the diaphragm head, from air load- 
ing pressure, from stem loads, from 
static and unbalanced forces on the in- 
ner valve stem. Depending upon the 
size and particular type of valve as 


4. Double-ported Diaphragm-motor Control! 
Valve. 


well as the working pressures involved, 
stem thrusts may amount to as much 
as 3000 to 5000 pounds in extreme 
cases. This requires that stems and 
stem connectors be designed accord- 
ingly. The manner of securing the 
yoke to the valve bonnet must be ade- 
quate to withstand such loads without 
separating or cocking. The latter is 
important to maintain alignment. Cor- 
respondingly, the diaphragm and 
spring must be of suitable proportions 
and design for the stem loads en- 
countered. The valve of Fig. 5, which 
is limited to 2 inches in size with 1- 
inch inner valve, has a slip on type 
yoke construction locked in place with 
hardened set screws. Such construc- 
tion is suitable for stem loads en- 
countered in this valve, and the dia- 
phragm and yoke structure are co) 
respondingly relatively light. How 
ever, on larger valves with more sever: 


| 
; eon 
uset 
ture 
valt 
mot 
the 
teri 
pro 
tior 
Ho\ 
the 
itie 
leat 
the 
are 
and 
hig’ 
size 
of 
a Thi 
4 \ con 
> 
thr 
OP! 
im in 
tes cha 
| isfi 
abe for 
ry 
: des 
me 
5 
exe 
seq 
ang i cia 
tict 
if) /\ | 
Th 
det 
rec 
dic 
% me 
doi 
pa 
bal 
ter 
thi 
pr 
pr 
che 
Foch 
pr 
: mt 
su 
ty 
u 


ges of 
s be n 
de; th 
and a 
as a 
lieved, 
h that 
) down 


must 
ficient 
cimum 
those 
load- 
from 
he in- 
n the 
ve as 


= 


yntrol 


ved, 
‘eme 
and 
ord- 

the 
ade- 
nout 
r is 
Cor- 
and 
ions 
en- 
rich 


conditions imposed, bolted yokes are 
used, massive diaphragms and struc- 
tures are required, as shown in the 
valves of Fig. 6 and Fig. 8. More will 
be said later about the diaphragm- 
motor assembly in consideration of op- 
erating conditions and process applica- 
tion requirements. 

In considering the internal details of 
the valve body, the choice of trim ma- 
terial and type of inner valve are more 
properly dictated by operating condi- 
tions than by pressure requirements. 
However, in high-pressure application, 
the associated problems of high veloc- 
ities are generally encountered and this 
leads to consideration of guiding of 
the inner valve. Double-ported valves 
are now commonly furnished in top- 
and bottom-guided construction for 
high pressure drops, as are also large 
size single-seated plugs (Fig. 4). Small 
size single-seated valves (Fig. 5) and 
certain special purpose valves (Fig. 8) 
have extra-large heavy-duty guide 
members to insure correct alignment 
of the plug with the seat or orifice. 
This heavy-duty guiding is important 
to eliminate vibration or chatter as a 
consequence of high velocity flow 
through the body. 


OPERATING AND PROCESS REQUIREMENTS 


The problems encountered in meeting 
the operating and process requirements 
in high-pressure control valve applica- 
tions are the more interesting. Me- 
chanical design can generally be sat- 
isfied by following proved rules and 
formulas and the application of good 
design practice. In order to meet cer- 
tain operating conditions and require- 
ments, considerable ingenuity has been 
exercised by the designer and fre- 
quently the solution has been the con- 
sequence of trial and experience in 
practical applications. In this respect, 
the process and application engineers 
have come to understand and appre- 
ciate the limitations of design in par- 
ticularly rigorous applications. 

Type of Body and Inner Valve.— 
The nature of the fluid handled and 
the operating requirements generally 
determine the type of body and inner 
valve to be used. If tight closure is 
required, the single-seated plug is in- 
dicated, while if the requirements are 
merely for throttling control, the 
double-ported valve gives greater ca- 
pacity for a given body size, and un- 
balanced forces across the valve plug 
tend to be balanced out. 

Regarding the valve characteristic, 
this is usually based on operating and 
process conditions and generally the 
process engineer has an_ available 
choice of “parabolic,” “equal-percent- 
age” or “linear quick-opening.” No 
attempt will be made to delve into the 
choice of valve characteristic as this 
is not specific to the problem of high- 
pressure applications and, besides, 
much has been already written on the 
subject by others. 

In general, either the skirt or formed 
type plug is equally adaptable to high- 
pressure services. On very high pres- 
ure-drop applications and on fluids 


carrying suspended solids or display- 
ing severe erosive conditions, general 
practice is to go to the formed type 
plugs as the smooth contour is con- 
sidered less subject to wear under such 
circumstances. 

Typical of a valve developed espe- 
cially for high-pressure service on oils 
with coking properties and for han- 
dling high pressure drops and flashing 
conditions in power plant applications 
is the body assembly shown in Fig. 8. 
This angle type body has the high 
pressure brought in over the seat and 
the flow is into the outlet through the 
venturi shaped nozzle. This reduces 
turbulence within the body and con- 
sequent wear on the internal trim. On 


INE 


Fig. 5. 6000-psi. Cold Working Pressure Dia- 
phragm-motor Control Valve. 


high pressure drop applications where 
flashing occurs, this design permits 
the major portion of the flashing to 
take place after the valve, in the usual- 
ly enlarged outlet piping. Thus no ex- 
cessive back pressure is built up within 
the valve body and substantially full 
capacity is available. 

High pressure-drop applications have 
emphasized the importance of dynamic 
as well as static unbalanced forces on 
the inner valve and valve stem. Dy- 
namic unbalance forces are experienced 
in valves of double-ported design, in 
their most serious effects, and their 
magnitude increases directly as the 
pressure drop or velocity through the 
valve. 

In the formed or parabolic type of 
inner valve of conventional design with 
top and bottom portions identical, it 
has been found that the net force on 
the stem due to dynamic or flow reac- 


tion effects shows a reversal as the 
valve travels through its lift, and that 
the magnitude of this reversal is great- 
er at higher pressure drops. For ex- 
ample, refer to the valve shown in Fig. 
4. In the closed position, the slightly 
larger area of the bottom port cause: 
a net unbalanced force downward (ten- 
sion) on the valve stem by reason of 
the pressure differential across the 
plug. As the valve is gradually opened, 
this net force decreases to zero and 
then reverses direction exerting a net 
foree upward (compression) on _ the 
valve stem. The over-all effect is to 
change suddenly the net load on the 
diaphragm motor and, if this reversal 
is of sufficient magnitude, instability 
of the diaphragm-motor valve action 
results. Such effects have been noted 
in practice. Skirt type inner valves 
have exhibited the same reversal 
though to a considerably less (almost 
negligible) extent. 

On the other hand, conventional skirt 
type plugs, having similar top and 
bottom sections, show very strong 
torque or spinning tendencies under 
high pressure-drop conditions and in 
the larger sizes where the diameter 
(spinning couple) is great. Such ef- 
fects have been strong enough as to 
shear locking pins and drop the plug 
from the stem. 

These dynamic effects are hardly 
subject to any degree of quantitative 
analysis because of the complications 
in the fluid mechanics involved. Rather, 
the solution has been the result of 
experience and research in the labora- 
tory which has resulted in new con- 
cepts of inner valve or plug design to 
eliminate or minimize these undesir- 
able reactions to the degree that they 
are negligible. 

Stem loads due to static unbalance 
forces must be considered in deter- 
mining stem size and force require- 
ments of the diaphragm-motor as- 
sembly. For example, consider again 
the valve pictured in Fig. 4. Let us 
take a typical case of a 4-inch valve 
controlling the flow from the bottom 
of a high-pressure absorber at 1000 
psi. to a second column operating at 
800 psi. The maximum unbalance load 
on the valve stem due to difference in 
seat areas in this valve is downward 
as a result of the slightly larger diam- 
eter of the lower plug. This differ- 
ential area, 0.773 square inches, mul- 
tiplied by the maximum pressure dif- 
ferential of 200 psi., gives a stem load 
of, 154.6 pounds. Normally this valve 
would have a half-inch stem and the 
second unbalanced load would be an 
upward force on the stem of 0.196 
square inches, multiplied by the down- 
stream static pressure of 800 psi., 
equal to 156.8 pounds. It is apparent 
then that the unbalanced load due to 
high static downstream pressure can- 
not be neglected in this case and must 
influence the design of the diaphragm 
motor. Total stem load in this case 
is well within the limit for a half-inch 
stem. 

Inner Valve Trim.—The type of in- 
ternal trim or materials used in the 
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inner valve parts including the plug, 
seat rings and guides is usually se- 
lected on the basis of the nature of the 
flowing fluid and, equally important, 
on the basis of the operating condi- 
tions of pressure and temperature. 
Beside corrosion resistant properties, 
hardness and non-galling characteris- 
tics are factors to be considered. 


The most common trim materials 
are 302 and 316 stainless steel. The 
latter is preferable because of its 
greater corrosion resistance and 
slightly greater hardness (150-200 
Brinell). Where high pressure drops 
and velocities are encountered, to mag- 
nify erosive effects and wire drawing, 
it is common practice to hard-surface 
the seats of the plug and ring with a 
material such as Stellite. This alloy is 
typical of the hard non-ferrous metals 
and the No. 6 material, the most widely 
used, has a hardness of 375-415 Brinell. 
This is readily laid on with an acet- 
ylene torch, as shown in Fig. 9, prior 
to final machining. If high tempera- 
ture conditions accompany high pres- 
sure, the guides and guide bushings as 
well are hard faced to prevent galling 
of the sliding surfaces. Fig. 10 illus- 
trates a complete hard-faced assembly 
in which Stellite is laid directly into 
the body to form integral seats. 

Type 440 stainless steel (375-534 


Brinell) is also used for inner valve 
trim on severe applications. The valve 
of Fig. 8, for example, is commonly 
furnished with hardened 440 stainless 
plug and liner. If high temperature 
is encountered, the plug and liner are 
hard-chrome-plated to present non-gall- 
ing surfaces. 

For the most severe conditions of 
high pressure drop in fluids contain- 
ing abrasive solids, and where usually 
valves of relatively small size are used, 
Tungsten carbide tips and seat inserts 
have been applied. Carboloy, which is 
next to the diamond in hardness, is 
formed into molded plug tip and seat 
ring insert which are silver soldered 
in place as shown in Fig. 11. Carbo- 
loy is not suitable for corrosive con- 
ditions, however, and certain fluids 
tend to dissolve the binder. 

Design and Characteristics of the 
Diaphragm Motor—One of the 
more important considerations in high- 
pressure diaphragm-motor valve de- 
sign and specification is the diaphragm 
motor itself. This mechanism, which 
supplies the power to position the inner 
valve or plug in response to a given 
output pressure from an instrument 
or pilot, must satisfy the necessary 
requirements of: (a) positioning the 
valve accurately over its full travel 
range for full output pressure range 


from the instrument or pilot and (,) 
at the same time be capable of supp y- 
ing the additional force necessary to 
counter frictional and unbalanced loads 
imposed on the valve stem. 

The familiar spring-opposed  dia- 
phragm motor in itself is limited to 
the extent in which it can fulfill these 
two basic requirements when it comes 
to the question of high-pressure ap- 
plications with large unbalanced forces. 
Fundamentally, the relation of spring 
rate to diaphragm area is fixed by the 
valve travel and normal diaphragm 
loading pressure range, i.e., instrument 
output pressure range. Thus, for an in- 
strument output pressure range of 3 
to 15 psi. (12 psi. change) the spring 
rate, or force to compress the spring 
one inch, is determined by 

diaphragm area X 12 psi. 
inches travel 

Large diaphragms and correspond- 
ingly stiffer springs provide a greater 
positioning force per unit change in 
loading pressure, which aids in over- 
coming frictional effects. However, 
in order to supply additional force to 
meet unbalanced stem loads, either (a) 
the spring preloading must be _in- 
creased or (b) the instrument output 
pressure range must be increased be- 
yond the normal spring range. On any 


Fig 6. (left) 1500-psi. Diaphragm-motor Control Valve. Fig. 7. (center) Control Valve Body Assembly with Pressure Seal Bonnet. Fig. 8. 
(right) Angle Body Valve with Venturi Type Trim and Springless and Diaphragm Motor. 
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Fig. 9. Welding on Hard Surface to Valve Plug Seat. 


given spring, preload cannot be _ in- 
creased without correspondingly sacri- 
ficing total travel. Instrument output 
air range may be changed, but only 
within narrow limits imposed by the 
instrument design. 

For example, consider a diaphragm- 
motor valve, which is to be operated 
from an instrument whose normal out- 
put pressure range is 3 to 15 psi., and 
which has a spring and diaphragm 
combination arranged for full travel 


STELLITE FACED GUIDE 
BUSHING 


WELDED-IN GUIDE BUSHING 


STELLITE SEAT INTEGRAL 
WITH BODY 


with a 12-psi. change on the dia- 
phragm. If unbalanced stem force op- 
poses the direction of the spring load 
so that it must be preloaded with a 
force equivalent to 5 psi. on the dia- 
phragm, then the effective pressure 
change to stroke the valve is reduced 
to 10 psi. and the travel is correspond- 
ingly shortened. If, however, the in- 
strument output range can be changed 
to 3 to 17 psi., then the 12-psi. range 
is again available for full valve travel. 


A valve positioner, which is a relay 
positioning device that will apply any 
air pressure on the diaphragm, up 
to the limit of its supply, to position 
the valve stem, extends the range of 
unbalanced loads that the spring-dia- 
phragm motor can handle without sac- 
rificing travel range. For example, if 
a valve positioner with a 25-psi. sup- 
ply, and a travel range pressure of 12 
psi. (equivalent to 3-to-15-psi. instru- 
ment output range) is mounted on this 
valve, then the effective pressure range 
for positioning the valve will be 5-to 
25 psi., or 20 psi. In fact, unbalanced 
loads equivalent to 10 psi. on the dia- 
phragm could be handled and _ still 
leave a minimum of 3 psi. additional 
loading to overcome frictional forces. 

The springless or air-loaded dia- 
phragm motor is problably the most 
effective solution to problems of high- 
pressure unbalanced stem forces of 
large magnitude. In this type of oper- 
ator, the spring is replaced by a pneu- 
matic loading pressure which opposes 
the valve loading pressure and is com- 
monly applied directly on the opposite 
side of the diaphragm. Thus the net 
effective positioning force at any point 
is the diaphragm area multiplied by 
the differential pressure across the 
diaphragm. A valve positioner is nec- 
essary in order to obtain a correspond- 
ing stem position for every value of 
instrument output pressure. 

In one type of springless diaphragm 
motor, the under side of the diaphragm 
is statically loaded with a constant 


pressure from a manually-adjusted re- 


ducing-relief type regulator. The top 
side is automatically loaded through 
the valve positioner to the pressure 
required to hold the stem at the posi- 
tion dictated by the instrument output 
pressure. The exact amount of static 
loading pressure is determined by the 
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Fig. 10. Control Valve with Hard Surface Internal Trim, 


Fig. 11. Carboloy Plug and Seat. 
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application and, once set, is fixed by 
the manual adjustment. If unbalanced 
stem thrust is downward, the under 
side is loaded to balance this thrust and 
the positioner applies lower pressures 
to the top side to raise the valve stem. 
If unbalanced stem thrust is upward, 
the underside is loaded to only a nomi- 
nal value, say 5 psi., and the positioner 
applies higher pressures to the top 
side to push down the vaive stem. One 
limitation of this type is that the 
maximum force, which is equivalent to 
the full supply pressure differential 
of 25 to 30 psi. across the diaphragm, 
is available in only one direction, de- 
pending upon whether the under side 
is zero or full supply pressure loaded. 
For any under-side loading, the max- 
imum thrust is equivalent only to the 


2 to 1, the sum of the top- and under- 
side pressures is constant and always 
equal to the spring load divided by the 
smaller area of the reversing relay. 
The spring load is adjusted so that 
this sum is equal to the positioner and 
relay supply pressure, usually 30 psi. 
If unbalanced stem thrust is upward, 
the reversing relay unloads the under- 
side chamber to 0 psi. if necessary, 
as the positioner loads the top side 
chamber to maximum supply and max- 
imum downward force is attained. If 
stem thrust is reversed, the maximum 
force is likewise available in the up- 
ward direction. When the valve stem 
has reached the position dictated by 
the instrument output pressure, the 
top- and under-side pressures stabilize 
to that point where their difference 


temperatures of saturation or su er. 
heat. The erosive action of wet g is@; 
and fluids carrying entrained solid; js 
greatly magnified at  high-pres-ure 
(high-velocity) drops. Mention has al. 
ready been made of this in discussing 
valve trim. 

In gas field operations, reducing the 
pressure of natural gas from wel] 
pressures of thousands of pounds per 
square inch, with pressure drops of a 
thousand psi. or more, introduces the 
problem of freezing in the valve body. 
If sufticient water is present in the 
gas, the temperature drop due to high. 
pressure expansion is_ sufficient to 
cause the formation of hydrates which 
freeze along with free water, and plug 
globe type bodies. A partial solution 
to this problem has been found in ap. 
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Fig. 12. 8-inch Control Valve with Springless 
Liaparagm Motor. 


difference 
then only 
pressure. 
Another, and more versatile, type 
of springless diaphragm motor is 
shown mounted on a large valve in Fig. 
12. In this version, the loading to the 
under-side diaphragm chamber is auto- 
matically set by a reversing relay in 
accordance with the thrust require- 
ments and positioning of the stem. 
Maximum force is available at any 
stem position and in either direction. 
The operation of this diaphragm 
motor is shown clearly in the schematic 
diagram, Fig. 13. The reversing relay 
is arranged to admit air to the under- 
side diaphragm chamber as the top- 
side diaphragm chamber is unloaded 
by the valve positioner, and vice versa. 
Since the ratio of the large diaphragm 
area to the smaller diaphragm area is 


with supply pressure and 
in the direction of least 


VALVE STEM 
CONNECTION 


= 


50-250 PSI 
SUPPLY 


TYPE 67 FR 
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Fig. 13. Schematic drawing of Springless Diaphragm Motor. 


acts in the proper direction and amount 
to balance the stem thrust, and equi- 
librium is attained. 

Diaphragm motors of this type are 
available to handle stem thrusts up 
to 5000 pounds, with supply pressures 
of 30 psi. This has greatly extended 
the usefulness of diaphragm-motor 
valves in high-pressure application, 
and particularly the application of 
single-seated valves of large size for 
relatively high pressure differentials. 


PHYSICAL AND CHEMICAL EFFECTS 


Often, fluids at high pressures and 
at high velocity flows introduce addi- 
tional problems related to high tem- 
perature and physical and chemical ef- 
fects as a consequence of their nature 
and composition. High-pressure steam, 
for example, means accompanying high 


plying angle type bodies, which have 
less tendency to freeze and plug by 
reason of allowing the gas to expand 
almost directly into the downstream 
piping. This keeps the zone of coldest 
temperature away from the body and 
freezing in the valve is reduced. 

A particularly troublesome problem 
in high-pressure steam and condensate 
applications is the action that occurs 
which results in loosening of seat rings 
and guides and severe corrosion of the 
internal parts. This is undopbtedly a 
consequence of the pH and the accel- 
eration of corrosive action by high tem- 
perature and high velocities. To com- 
bat these effects, all alloy and stain- 
less steel valves have been used, in- 
tegral seats hard faced along with 
guides and plugs have been effective, 
and angle type bodies to reduce turbu- 
lence effects have been successful. 


July Meeting: Thursday the 20th, Rio Hondo Country Club, Downey, Calif. Dinner at 6:30; meeting 8 sharp. Features: 
1. “Port of Long Beach—Its History, Tidelands, and Subsidence” by Alvin K. Maddi, Executive Secretary, Harbor Commission. 
2. “Chart Reading—Sight and Planimeter Method” by Frank Partridge—THERON $8. CODY, Publicity Chairman, 
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HART 
RIVES 


They Fit Practically All Orifice 
Meters and Recording Instruments: 


3) WAYS 


ON INVENTORY The company that now 
maintains a stock of assorted chart drives of 
various makes and speeds will find it eco- 
nomical and desirable to standardize on the 
Rockwell. A much smaller inventory of 
drives need be carried—the difference being 
made up by the proper selection of inexpen- 
sive sdapsons and turrets. The adaptors 
correctly position the drive in the instrument 
case and the turrets furnish up to 11 differ- 
ent rotation speeds from the same drive. 


You pave 


IN SERVICE Rockwell chart drives are 
exceptionally well made for long trouble- 
free service. They are sealed against mois- 
ture, dirt and corrosive gases; have a single 
winding stem. By using a heavier main- 
spring and a stronger winding stem, the 
principal causes of failure are minimized. 


£3 ice men need be educated on th 


barrel unit can be replaced ina 
using ordinary tools. We offer 
attractive factory repair and exc 


very low cost—24 hour service 


FOR © 


ongly constructed drive i in instruments where space 


ent sealed in clear plastic, phosphor-bronze bear-— 
ngs. Has separate mounting ring with: adaptors for Atlanta Boston Chicago 
xible installation. Two models—8-day wind, ‘24: | Kansos City Los Angeles 
r rotation and 24-hour wind and rotation. Turrets Son Francisco 
changing rotation uni- 


ON REDUCED MAINTENANCE Your serv- 
©, only one make of drive instead of many. When 


required, servicing the Rockwell is easy—both 
the winding stem with gear and the mainspring 


completely rebuilt, fully guaranteed drives at 


Pittsburgh Equitable Meter Division 
ROCKWELL MANUFACTURING COMPAN, 


sat a premium. Features include detachable escape- ; a Pittsburgh 8, Pa. 


— 


ROCKWELL 
STANDARD DRIVE 


r 


UWlustrating how turrets lock on to the chart 
arbor to change rotation speeds. 


ITY 


For 8-day drives, (basic rotation speed 24 a 
hr.) Turrets will convert to 2-hour, 3-hour, Li] 
4-hour, 6-hour, 8-hour, 12-hour, 48-hour, J >) 
3-day, 7-day and 8-doy rotation. The 31 oa 
day drive (basic rotation speed 7 doy) 
converts through turrets to 15-day, 16-dey, | —2) 


24-day, 30-day and 31-day rotation. 


€ maintenance of 


few minutes time 4 
an exceptionally 
hange service on 


if necessary. 
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LIQUID-IN-GLASS 
INSTRUMENTS 


Pp R | N C 0 means highest quality. 
PRINCO has the complete line— 


able to fulfill your exact requirements. 


THERMOMETERS 

Chemical, armored, industrial and spe- 
cial purpose thermometers of every type. 
For temperature ranges from —384 to 
+1200° F. 


HYDROMETERS 

Laboratory and Industrial types individ- 
ually calibrated for general or specialized 
uses including the sugar, distilling, petro- 
leum, dyeing industries, etc. 
ABSOLUTE PRESSURE GAUGES 
Naval and Industrial types requiring no 
barometric pressure correction. Avail- 
able with alarm or control contacts. 
THERMOSTATS and 
THERMOREGULATORS —Fixed or 
adjustable electric contacts for high accu- 
racy alarm or control functions, 
BAROMETERS— Mercurial. 
HYGROMETERS - PSYCHROMETERS 
SEND FOR LITERATURE on any 
type of liquid-in-glass instruments. 


Specify your interest or ask for a copy 
of “The Princo Line.” 


THERMOMETER & INSTRUMENT COMPANY 


1437—Brandywine Street, Philadelphia 30, Pa. 
In Canada: PEACOCK BROTHERS Limited 


Vol, 23 
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In this department we report new literature pertaining to Instrumentation, received from the 
manufacturers. We urge readers to request ONLY those bulletins which will be of value to them, 


Use the Postage-free Order Card on Page 631. 


8-321 RECTIFIERS. 4-page bulletin illu- 
strates and describes maker's line of selenium 
rectifiers, copper oxide rectifiers, photoelectric 
cells; covers features, specifications and other 
technical data.—Bradley Laboratories, Inc., 82 
Meadow St., New Haven 10, Conn. 

8-322 RADIOACTIVITY INSTRUMENTS. 
40-page Catalog K describes and _ illustrates 
maker's scaling units, counting systems, moni- 
toring instruments, detectors, accessories; covers 
operation, features, and ordering information. 
—Nuclear Instrument and Chemical Corp., 223 
W. Erie St., Chicago 10, Ill. 

8-323 THERMOMETERS, HYDROMETERS. 
32-page General Catalog No. 25 describes and 
illustrates maker's laboratory and_ industrial 
engraved-stem thermometers, hydrometers, mer- 
cury thermostatic controls, thermoregulators ; 
covers features, specifications, contains hydrom- 
eter conversion tables.—Accuracy Scientific In- 
strument Co., Philadelphia, Pa. 

S-324 MAGNETIC AMPLIFIER’ DESIGN 
HANDBOOK. 72-page loose-leaf binder contains 
handbook covering magnetic amplifiers, interpre- 
tation of data on bulletins, installation and spe- 
cial magnetic amplifiers, also contains classifi- 
cation chart for standard magnetic amplifiers 
and standard amplifier bulletins (No. 2001 up).— 
Vickers Electric Div., Vickers Inc., 1815 Locust 
St., St. Louis 3, Mo. 

8-325 “SATURABLE REACTOR AND MAG- 
NETIC AMPLIFIER CIRCUITS.” 16-page_ re- 
print of paper presented at Naval Ordnance 
Laboratory Magnetic Materials Symposium, June 
18, 1948.—Vickers Electric Div., Vickers Inc., 
1815 Locust St., St. Louis 3, Mo. 

8-326 “SELF-SATURATION IN MAGNETIC 
AMPLIFIERS.” 16-page reprint of paper pre- 
sented at the 1949 AIEE Summer General Meet- 
ing, Swampscott, Mass.—Vickers Electric Div., 
Vickers Inc., 1815 Locust St., St. Louis 3, Mo. 

8-327 FLEXIBLE TUBING. 8-page Catalog 
5-4 illustrates and describes maker's “Spiratube”™ 
flexible tubing for ventilation and products con- 
veying;: covers features, applications, perform- 
ance data, accessories.—Flexible Tubing Corp., 
Branford, Conn. 

8-328 “THE VALVE WORLD.” 36-page Vol. 
XLVII, No. 1 issue of this house organ contains 
articles titled ““Modest Equipment Outlays Can 
Reduce Piping Onverating Costs,’ “‘Pressure-seal 
Bonnet Valves for 2,000 psi. Service,” and 
others.—Crane Co., 836 S. Michigan Ave., Chi- 
cago 5, Ill. 

8-329 CONNECTORS. 48-page Catalog K3- 
1950 (Second revised edition) illustrates and 
describes maker's “Types K and RK" connect- 
ors; covers complete technical data.—Cannon 
Electric Development Co., 3209 Humboldt St., 
Los Angeles 31, Calif. 

S-330 “CARE OF A-C ROTATING EQUIP- 
MENT.” 24-page booklet No. 05R7417 from 
series of articles discusses preventive mainte- 
nance and machine repairs.—Allis-Chalmers Mfg. 
Co., 942 S. 70th St.. Milwaukee, Wis. 

S-331 UNIVERSAL TESTING MACHINES. 
6-page Bulletin RU-3-50 describes and illustrates 
maker's ““Model MA” hydraulic universal test- 
ing machines; covers features, construction, di- 
mensions and specifications.—Riehle Testing Ma- 
chines Div., Amer. Machine and Metals, Inc., 
East Moline, Ill. 

8-332 CONSTRUCTION MATERIALS 
TESTING MACHINES. 16-page Bulletin RC-2- 
50 illustrates and describes maker’s compression 
testing and cement briquette testing machines; 
covers features, construction data.—Riehle Test- 
ing Machines Div., Amer. Machine and Metals, 
Inc., East Moline, Ill. 


8-333. “METERS AND CONTROLS.” 16-page 
Vol 12, No. 2 issue of this house organ feature 
article titled “Self-contained Desuperheater’: 
also “Fuel Savings in Face of Rising (oz! 
Costs.”"—Meters and Controls, Inc., 236 N. (lark 
St., Chicago 1, Il. 


8-334 “THE MAINSPRING.” Vol. 13, No. ¢ 
issue of this house organ features article titled 
“Why Beryllium Copper for Springs 
sociated Spring Corp., Bristol, Conn. 


8-335 ELECTRONIC POTENTIOMETER. 4. 
page bulletin illustrates and describes maker’ 
“Model P-2" precision electronic potentiometer 
covers features, applications, specifications and 
prices.—Southwestern Industrial Electronic (o., 
2831 Post Oak Rd., Houston 19, Tex. 


8-336 INDUSTRIAL TELEVISION. 2-page 
bulletin illustrates and describes maker's “ITY. 
1” industrial television equipment; covers fea- 
tures, uses, specifications.—Engineering Products 
Dep't., Radio Corp. of America, Camden, N. J 


8-337 LABORATORY PUMP. 2-page bulletin 
describes and illustrates maker's 1000’ 
Corson-Cerveny micro-bellows pump and maker’: 
“No. 501" reactor tube electric furnace; covers 
features, uses.—Research Appliance Co., Box 
413, West View Rd., Pittsburgh 9, Pa. 


S-338 PHOTROMETERS. Three bulletins j)- 
lustrate and describe maker's Rouy-type photrom- 
eters. 8-page bulletin treats advantages of 
maker's models; 4-page bulletin covers maker's 
pre-calibrated photrometer; discusses operation, 
calibrations, accessories; 4-page bulletin 
cribes maker's industrial model; gives applica- 
tions.—E. Leitz, Inc., 304 Hudson St., New 
York 13, N. Y. 


S-339 COLORIMETRIC ABSORPTION AN. 
ALYSIS. 20-page booklet contains paper titled 
“A New Approach to Problems Encountered in 
Colorimetric Absorption Analysis” by Dr. A 
Rouy.—E. Leitz, Inc., 304 Hudson St., New 
York 13, N. Y. 


S-340 PRINTING COUNTERS. 4-page Cata- 
log Section 75 illustrates and describes maker's 
“Productimeter” stroke, rotary, and pick print- 
ing counters; covers specifications, applications. 
forms and operation, advantages.—Durant Mf¢ 
Co., 1914 N. Buffum St., Milwaukee 1, Wis. 


8-341 ELECTRICAL RESOLVERS. 12-page 
bulletin describes and illustrates maker's elec- 
trical resolvers; covers features, types available. 
characteristics.—Arma Corp., 254 36th St., Brook- 
lyn 32, N. Y. 

8-342 “MINIATURESQUE.” Two 8-page (5 
by 4 in.) issues of this house organ (January 
and March) include short articles on varied sub- 
jects and quotations from Shaw, Ruskin, James 
and others.—Miniature Precision Bearings, Inc., 
Keene, N. H. 

8-343. LAPPING TO CLOSE TOLERANCES 
12-page booklet illustrates and describes maker's 
“Lapmaster” method of flat lapping to extreme!) 
close tolerances; covers typical installations, 
operation, features, accessories.—Dep't. 
Crane Packing Co., 1800 Cuyler Ave., Chicago 
13, Il. 

8-344 AIR CLASSIFIERS. 6-page Bulletin 
No. 5 illustrates and describes maker's centrifu- 
gal classifier; covers features, applications, 
operation, capacity.—Federal Classifier Systems, 
Inc., 127 N. Dearborn St., Chicago 2, Hl. 

8-345 LABORATORY AIR CLASSIFIERS. 6- 
page bulletin illustrates and describes maker's 
laboratory air classifying units; covers capac- 
ity, efficiency, features.—Federal Classifier Sys- 
tems, Inc., 127 N. Dearborn St., Chicago 2, 1! 
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Give Even, 
No-Glare 
Low Cost Lighting 
Greater Safety 
Of Operation 
Faster, Easier 
Gage Reading 


ERGUSON Explosion- 
Proof Gage Illuminators 
give you the best, lowest cost, most 
efficient gage lighting. 
Utilizing the principle of solid 
wedge lighting, Jerguson Ilumi- 
nators give clear, even lighting, 
without bright spots. Light flows 
through the plastic wedge and is re- 
flected evenly through the back of 
the gage glass to give quick, easy, 
accurate reading. You get better 
illumination at lower cost because 
only one small lamp is required. 
Savings in electricity soon pay for 
the illuminator. 
Jerguson Illuminators have alumi- 
num explosion-proof housing for 
the wiring and heat resisting glass 
explosion-proof housing for the 
lamp. You get maximum safety, 
more efficient lighting with Jergu- 
son. Made for all sizes of transpar- 
ent gages. It will pay you to inves- 
tigate. 
Mlustration shows single and double 
Jerguson Illuminators on a 3-section 
gage. Write today for full informa- 
tion. Ask also for Data Units on 
Jerguson Gages and Valves to fit 
your needs. 


Gages and Valves for the 
Observation of Liquids and Levels 


JERGUSON GAGE & VALVE COMPANY 
100 Felisway, Somerville 45, Mass. 


Representatives in Major Cities 
Phone Listed Under JERGUSON 


Design Draftsman 


For product design on electro-mechani- 
cal and pneumatic devices for process 
control. Must have four years of techni- 
eal schooling or equivalent and two to 
four years experience in small mechan- 
isms of the above nature, industrial 
instruments preferred. Should have at 
least & years drafting experience and 
be familiar with modern materials, 
methods and manufacturing practices. 
Furnish particulars, age, experience and 
salary requirements to Personnel De- 
partment. 


Minneapolis-Honeywell 
Regulator Company 


Brown Instruments Division 
Wayne & Roberts Avenue 
Philadelphia 44, Penna. 


S-346 “COMPRESSED AIR POWER.” 18- 
page illustrated booklet gives general non-techni- 
cal review of application of compressed air and 
gas theory to actual machines and uses; divided 
into three sections—uses of compressed air, 
theory of compre ‘sed air, and types of compres- 
sor.—Committee on Engineering Education, Com- 
pressed Air and Gas Institute, 1410 Terminal 
Tower, Cleveland, Ohio. 

8-347 “CHART OF THE NUCLIDES.” 26 
by 50-in. chart gives information on more than 
1000 kinds of atoms; on checkerboard pattern 
each of 96 chemical elements known at the be- 
ginning of the year is given a horizontal line, 
in which a square is devoted to each kind of 
atom (or isotope) of that element.—Dep't. 6-221, 
General Electric Co., Schenectady 5, N. Y. 

S-348 ELECTRIC TIMING MOTORS. 8-page 
Cataleg No. 322 illustrates and de cribes maker's 
electric timing motors; covers specifications and 
ratings of standard and other than standard 
models, lists shaft and 
Mfg. Co., Inc., Torrington, Conn. 

5-349 SOLENOID-OPERATED VALVES. 4- 
page bulletin illustrates and describes maker's 
“Series 1520” electropneumatic scolenoid-operated 
valves for control of corrosive and erosive 
fluids at high temperatures and pressures; 
covers advantages, features, operation, applica- 
tions, specifications.—The Annin Co., 3500 Union 
Pacific Ave., Los Angeles 23, Calif. 

TERMNAL BLOCKS. 12-page bulletin 
illustrates and describes maker's standard line 
of molded-barrier type terminal blocks for gene- 
ral use; covers screw type terminals, screw 
type with l-sided solder lug, with 2-sided solder 
lug, bottom solder lug, eyeletted solder terminals 
with 2-sided or 1l-sided lugs; contains dimen- 
sional drawines of terminal blocks and solder 
lugs.—Kulka Electric Mfg. Co., Inc., 30 South 


St., Mt. Vernon, N. Y. 
8-351 PORTABLE GAS ANALYZERS. 4- 
page Bulletin 120 describes and _ illustrates 


maker's portable gas analyzers; covers construc- 
tion, features.—Ellison Draft Gage Co., 214 W. 
Kinzie St., Chicago 10, Ill. 

8-352 STEAM CALORIMETER. 4-page Bul- 
letin 118 describes and illustrates maker's U- 
path steam calorimeter; covers features, opera- 
tion.—Ellison Draft Gage Co., 214 W. Kinzie 
St., Chicaro 10, Il. 

$-353 “hp JOURNAL.” 4-page Vol. 1, No. 
& issue of this house organ features article 
titled “Direct Measurement of Impedance in the 
50-500-Me. Range,” and describes use of maker's 
equipment over this range; covers specifications 
for “Model 803A". VHF bridee and “Model 
417A" VHF detector.—Hewlett-Packard (Co., 
395 Page Mill Rd., Palo Alto, Calif. 

8-354 “TEMPIL TOPICS.” 2-paze Vol. 5, 
No, 3 issue of this house organ features article 
titled “Induction Heating.”’"—Tempil Corp., 132 
West 22nd St., New York 11, N. Y. 

S-355 PULSE RISE TIME INDICATOR. 2- 
pege bulletin illustrates and describes maker's 
“Model 632-B" pulse rise time indicator; covers 
specifications, performance data, features.—Elec- 
ronic Systems Co., 555 E. Trement Ave., New 
York 57, N. Y. 

S-356 AIR SAMPLER. 2-page Bulletin CT-8 
describes and illustrates maker's ““‘Samplair’’ for 
quantitatively estimating the concentration of 


speed data.—Haydon | 


-CRYSTA 
‘CALIBRATOR 


MEASUREMENTS CORPORATION 


Model 111 


S 


An: 


Ar 


fal 


_25Mc.—1000 Me. 


A Dual-Purpose Calibrator 


¢ CRYSTAL-CONTROLLED 
OSCILLATOR 


¢ CRYSTAL RECEIVER 
2 Microwatt Sensitivity 


U 


Designed for the Calibration and 
Frequency Checking of Signal Gen- 
erators, Transmitters, Receivers, 
Grid-Dip Meters and other equip- 
ment where a high degree of fre- 
quency accuracy is required. 


Harmonic Range: 
.25 Mc. Oscillator: .25-450 Mc. 
1 Mc. Oscillator: 1-600 Mc. 
10 Mc. Oscillator: 10-1000 Mc. 


117 volts, 50/60 cycles; 18 watts, 
6” wide, 8” high, 5” deep; 4 Ibs. 


MEASUREMENTS 


CORPORATION. 


Boonton 
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MERCOID 


SOLVES INDUSTRY'S AUTOMATIC CONTROL PROBLEM 


THE ONLY 100% MERCURY 
SWITCH EQUIPPED CONTROLS 


If you have a problem on the automatic 


, liquid level, 
P , ete., it will pay 
you to consult Mercoid’s engineering staff — 


control of p Pp 


always ot your service. 


Complete Mercoid Catalog sent u » request. 


THE MERCOID CORPORATION, 4201 BELMONT AVE, CHICAGO 41, ILL 


THIS FEATHERWEIGHT WILL + 


| 6100" metering pump for hot waxes and ce- 


HEXACON 


BANTAM 


-==MODEL 30H; 
Weight—5'/, Ounces * Watts— 5 
© 40 or 60 * Tip Dia.—Both 1/,” and 1/4” Tips : 
Furnished with Each Iron Price $8500 
é So light its weight is hardly noticeable. Out- § 
performs any iron of equal size. Hatchet de- 8 

a sign makes it more comfortable and practical 


to use than a pencil iron. No transformer re- a | 
g quired. Write for complete catalog. | 


HEXACON ELECTRIC Co.! 
, 179 WEST CLAY AVE., ROSELLE PARK, N. 8 
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ance data.—Edward E. Robinson, Inc., 95 Park 


chromic acid mists in the air, on the job; covers | 
applications and features.—Mine Safety Appli- | 
ances Co., Braddock, Thomas and Meade Sts., | 
Pittsburgh 8, Pa. } 


8-357 VIBRATION ISOLATOR. 2-page Cata- | 
log F-1 illustrates and describes maker’s “Type 
F vibro-isolator” for vibration and noise con- 
trol; covers features, uses, specifications.—The 
Korfund Co., Inc., 48-15 32nd Place, Long Is- | 
land City 1, N. Y. | 


S-358 TRANSFORMERS. 16-page Catalog No. | 
49A illustrates and describes some of maker's | 
line of “Yeoman” and industrial transformers; | 
covers features and specifications.—Audio De- 
velopment Co., 2833 13th Ave. S., Minneapolis 
7, Minn. 


8-359 MODULATING OUTDOOR CON- 
TROLS. 4-page Supplementary Bulletin ST-501 
illustrates and describes improvements in maker's 
modulating outdoor controls; encloses revised 
chart for enlarged capacity, double-seated valves. 
—Sarcotherm Controls, Inc., Empire State Bidg., 
New York, N. Y. 

S-360 MAGNETIC MERCURY CATHODE. 8- 
page bulletin illustrates and describes maker's 
“Dyna-Cath” high-speed magnetic mercury cath- 
ode for the separation of metals; covers features, 
rates of deposition, operation, construction; lists 
prices.—Eberbach & Son Co., Ann Arbor, Mich. 


8-361 CONTROL LINKAGE STANDARD- 
IZATION. 16-page General Specification (A942 
presents control connecting linkage for use with 
maker's control drives and contains engineering 
and price data for choosing correct materia] and 
arrangement to suit application; permits order- 
ing control connecting linkage and accessories 
by stock number.—Bailey Meter Co., 1050 Ivan- 
hoe Rd., Cleveland 10, Ohio. 

8-362 “THE BURRELL ANNOUNCER.” 16- 
page No. 50-3-38 issue of this house organ fea- 
tures articles titled “Modern Nephelometry.”— 
Burrell Corp., 1942 Fifth Ave., Pittsburgh 19, 
Pa. 

8-363 AIR-OPERATED VALVE. 6-page Bul- 
letin AU250 illustrates and describes maker's 
“Electroaire” solenoid air-operated valve; covers 
features, operation; contains wiring schematic 
and dimensional drawing.—The Bellows Co., 222 
W. Market St., Akron, Ohio. 

S-364 DIFFERENTIAL MASTER SENDER. 
4-page Bulletin 2150 illustrates and describes 
maker's meter type differential master sender, a 
pneumatic device used as metering element in 
measurement and control of steam, gas and 
liquid flow, level, pressure differential, etc.— 
Hagan Corp., 323 Fourth Ave., Pittsburgh, Pa. 

S-365 MICROMETER DIAL GAGES & IN- 
DICATORS. 36-page Catalog No. 58 illustrates 
and describes maker's (B. C. Ames Co.) line of 
micrometer dial gages and indicators; (dial in- 
dicator attachments, caliper gages, dial compara- 
tors, dial depth gages, dial micrometers, etc.) 
covers features, ranges; encloses price list.—G. 
C. Wood, Clark Bldg., Pittsburgh 22, Pa. 

S-366 METERING PUMP. 2-page Bulletin 
1A-R_ describes and illustrates maker's “No. 


ments; covers features, specifications, perform- 


Ave., Nutley 10, N. J. 

8-367 DRAFTING TEMPLATES. 8-page 
Catalog 50 illustrates and describes 30 templates 
for use of engineers, draftsmen, architects and 
designers, also illustrates special templates made 
to order.—Rapidesign, Inc., Box 592, Glendale, 
Calif. 

S-368 SPRING SCALES & TEST APPA- 
RATUS. 60-page loose-leaf bound bulletiris des- 
cribe and illustrate maker's spring scales and 
test apparatus (dynamometer scales, tensiom- 
eters, instrument scales, push-pull gages, etc.) ; 
covers features, specifications, applications.— 
John Chatillon & Sons, 85 Cliff St.. New York 

S-369 FLOW RATE INDICATORS. 8-page 
Bulletin SC-4.1 describes and illustrates maker's 
“Flo-Scope” flow rate indicators for air and gas; 
covers features, typical installations, construc- 
tion and operation; includes selection table and 


Anyone can 


ENGRAVE 


on Plastic and Metal 
mew hermes 


* Multiratio Tracing Arm. En- 
graves more than 15 sizes 
from ONE template. 


* Covers a larger engraving 
area than any other port- 
able unit of it’s kind. 


* Ideal for any lettering- 


Send for Booklet Model 1M—Dept. No. 37 


NAME PLATES 


EW HERMES, Inc. 


13-19 UNIVERSITY PL. NEW YORK 3. Y. 


World's Largest Manufacturers of 
Portable Engraving Machines 


MANUFACTURERS AGENTS 
Exclusive Territories Available 
on established line of Recorders, 
Controllers for Pressure, Tem- 
perature, Time and Humidity. 
Optional 
Non-Exclusive distributorship on 
complete line including Indus- 
trial and Dial type Thermome- 
ters, Pressure Gauges. 
Some Territories Open 
New England, Pittsburgh, South- 
ern, Midwestern and Southwest- 
ern, United States. Box 180, In- 
struments Publishing Company, 
ag Ridge Avenue, Pittsburgh 12, 
a. 


ordering instructions.—Selas Corp. of America, 
Philadelphia 34, Pa. | 
S-370 “MODERN PRECISION.” 8-page Vol. | 
10, No. 1, Spring edition of this house organ | 
features articles on use of maker's products 
(load controllers, a-c. resistance boxes, tempera- | 


REQUIRE KEY MEN FOR 
RESEARCH LABORATORIES 


Outstanding opportunities now available 
in undertaking highly responsible re- 
search and development work in im- 
portant electro-mechanical instrumenta- 
tion laboratories. Require section chiefs 
with MS or PHD degree in E.E., c 
or Physies with scholastic achievement 
in upper 10°% of class. 

Important to have more than 5 years 
practical experience in developmental 
work, supervision of projects or group 
activities to qualify applicant to super- 
vise and direct several diversified proj- 
ects and administer related activities. 
Men with proven ingenuity, imagina- 
tion, creative ability and with a record 
of tangible accomplishments can com- 
mand attractive salaries. Box 181 (A2), 
Instruments Publishing Company, 921 
Ridge Avenue, Pittsburgh 12, Pa. 
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t ve controllers, etc.) in Metals, Process Indus- 
t es, Ceramics, Power, Research, Teaching and 
{7 sting.—Leeds & Northrup Co., 4902 Stenton 
A e., Philadelphia 44, Pa. 

3-371 HYDRAULIC REMOTE CONTROL, 8- 
pege Bulletin 20-105 illustrates and describes 
maker’s hydraulic remote control for industrial 
use; covers features, specifications, applications. 
—Sperry Products, Inc., Danbury, Conn. 

$-372 “GENERAL RADIO EXPERI- 
MENTER.” 8-page Vol. 24, No. 11 issue of this 
house organ features article on maker's “Type 
1803-A” vacuum-tube voltmeter. Encloses April 
1950 price list.—General Radio Co., 275 Massa- 
chusetts Ave., Cambridge 39, Mass. 

S-373 AIR AND HYDRAULIC POWER. 8- 
page bulletin illustrates and describes maker's 
“Gerotor” air and hydraulic valves and cylinders 
and hydraulic power units; covers features, 
specifications, advantages.—Rivett Lathe & 
Grinder, Inc., Brighton 35, Boston, Mass. 

8-374 FATIGUE MACHINE. 2-page Bulletin 
313 describes and illustrates maker’s ‘Model 
SF-4 Sonntag” fatigue machine of plus or minus 
5000-Ib. capacity; covers operation, specifications. 
—Testing Equipment Dep't, Baldwin Locomotive 
Works, Philadelphia 42, Pa. 

8-375 METERING PUMP. 2-page Bulletin 296 
describes and illustrates maker’s “Pulsafeeder” 
piston-diaphragm variable-output metering pump; 
covers features, applications.—Process Equip- 
ment Div., Lapp Insulator Co., Inc., LeRoy, N.Y. 

8-376 COOLANT PUMP. 2-page bulletin il- 
lustrates and describes maker's ‘“Lubri-King 
feot-powered coolant pump unit for application 
ef coolant, leaving both hands free; covers 
features, applications, construction data.—W. A. 
Horejsi Co., 2001 James Ave., No. Minneapolis, 
Minn. 

8-377 AUTOMATIC GAS-FIRING SYSTEMS. 
20-page Bulletin 107 describes and _ illustrates 
maker's automatic gas-firing systems for soft 
metal melting and pot furnaces; includes engi- 
neering data and selection tables.—The Partlow 
Corporation, New Hartford, Utica, N. Y. 

8-378 AIRCRAFT CONTROLS CATALOG. 
32-page Catalog F-4141 illustrates and describes 
maker’s automatic control systems, actuators, 
rheostats, temperature sensing elements, micro- 
positioner for aircraft use.—Barber-Colman Co., 
Rockford, Ill. 

S-379 THERMOSCOPIC PENCILS. 6-page 
brochure Catalog 501 illustrates and describes 
maker’s “Tempilstiks” thermoscopic pencils for 
determination of working temperatures; covers 
features, applications; also covers maker's ther- 
moscopic pellets and lacquer.—Tempil Corp., 132 
W. 22nd St., New York 11, N. Y. 

S-380 “THE C-D CAPACITOR.” 16-page Vol. 
15, No. 4 issue of this house organ features 
article titled “Checking Capacitors at Radio 
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your own copies intact? 
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Frequencies”; also includes regular section ‘‘The 
Radio Trading Post—A Free Market-place for 
Buyers, Sellers, and Swappers.’’—Corneli-Dubi- 
lier Electric Corp., Hamilton Blvd., South Plain- 
field, N. J. 

PIPE-LINE RECORDING THERMOM- 
ETERS. 6-page Bulletin T843 illustrates and 
describes maker's pipe-line recording thermom- 
elers for natural gas and manufactured gas 
temperatures; includes features, typical chart 
ecord.—The Bristol Co., Waterbury 20, Conn. 
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“WI811,” illustrate and describe maker's re- 
cording and controlling instruments. ““W1817" 
lists maker's new 60th anniversary instruments. 
“WI811" covers stock instruments (recording 
pressure gages, thermometers, indicating tem- 
perature controllers, recording millivoltmeters, 
voltmeters, ammeters, indicating pyrometers and 
pyrometer controllers, etc.) ; lists specifications, 
applications.—The Bristol Co., Waterbury 20, 
Conn, 

8-383 STANDARD VOLTMETER, MILLI- 
AMMETER. 2-page bulletin illustrates and des- 
cribes maker’s reference standard d-c. voltmeter 
and reference standard d-c. milliammeter; covers 
features, construction, scales.—Sensitive Re- 
search Instrument Corp., 9-11 Elm Ave., Mount 
Vernon, N. Y. 

8-384 “THE OHMITE NEWS.” 2-page April 
issue of this house organ features article titled 


“Rheostat Size Decreased by Tapered Windings,” 
also items on maker's rheostats, resistors, tap_ 
switches, etc.—Ohmite Mfg. Co., 4835-41 Flear- | 
noy St., Chicago 44, Ill. 

8-385 AUTOMATIC VALVES. 8-page Bulle- 
tin 283 illustrates and describes maker's new 
and improved pressure reducing and regulating 
valves and automatic reseating relief valve for 
temperature and pressure; covers features, speci- 
fications, capacity tables—A. W. Cash Valve) 
Mfg. Corp., Wabash and Morgan, Decatur ~ 

8-386 “TAYLOR TECHNOLOGY.” 28-page 
Vol. 2, No. 4 issue of this house organ features | 
articles titled “Instrumentation Reduces Cost of. 
Wool Scouring,” “A Fluid Cat Cracker ‘Runs, 
on Instruments’,”” “Complete Control for Tire. 
Vulcanizers,” and others.—Taylor Instrument 
Companies, Rochester 1, N. Y. 
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